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(57) Abstract 

A process is disclosed for preparing a 
protein by a eukaryote transformed by multi- 
copy integration of an expression vector into 
the genome of a yeast, such as Saccharomyces, 
Hansenula, and Kluyveromyces, or of a mould 
such as Aspergillus, Rhizopus and Trichoder- 
ma, said expression vector containing both an 
"expressible gene" encoding said protein and 
a so-called "deficient selection marker needed 
for the growth of the yeast or mould in a spe- 
cific medium", such as the LEU2d, TRPld or 
URA3d gene, in combination with a ribosomal 
DNA sequence, resulting in stable high copy 
integration of 100-300 copies per cell. This 
multicopy integration results in an increased 
production of the desired protein, which can 
be guar cc-galactosidase, an oxidase or a hy- 
drolytic enzyme such as a lipase. 



x6TI4* 
PvuII 



5000 



BamHI<SalI<PsH<HindIII 
' EcoRI 

Clal 

Xhol 
Ctal 



1000 
PvuII 



4000 




n EcoRI <BamHI 
PvuII 



3000 



DESIGNATIONS OF "DE" 



Until further notice, any designation of "DE" in any international application 
whose international filing date is prior to October 3, 1990, shall have effect in the 
territory of the Federal Republic of Germany with the exception of the territory of the 
former German Democratic Republic. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


ES 


Spain 


MC 


Monaco 


AU 


Australia 


Fi 


Finland 


MG 


Madagascar 


BB 


Barbados 


FR 


France 


ML 


Mali 


BE 


Belgium 


GA 


Gabon 


MR 


Mauritania 


BF 


Burkina Fasso 


GB 


United Kingdom 


MW 


Malawi 


BG 


Bulgaria 


GR 


Greece 


NL 


Netherlands 


BJ 


Benin 


HU 


Hungary 


NO 


Norway 


BR 


Brazil 


IT 


Italy 


PL 


Poland 


CA 


Canada 


JP 


Japan 


RO 


Romania 


CF 


Central African Republic 


KP 


Democratic People's Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


SN 


Senegal 


CM 


Cameroon 


LI 


Liechtenstein 


SU 


Soviet Union 


DE 


Germany 


LK 


Sri Lanka 


TD 


Chad 


DK 


Denmark 


LU 


Luxembourg 


TG 


Togo 










US 


United States of America 



WO 91/00920 



PCT/EP90/01138 



1 



Process for preparing a protein by a fungus transformed 
by multicopy integratio n of an expression vectinr-. 

In a major aspect, the invention relates to a process 
5 for preparing a, homologous or heterologous, protein by 
a yeast, transformed by multicopy integration of an 
expression vector into the genome of the yeast, said 
expression vector containing both an "expressible gene" 
encoding said protein and a so-called "deficient 
10 selection marker needed for the growth of the yeast in a 
specific medium". 

Although most experiments have been carried out with 
yeasts, it is envisaged that the invention is also 
applicable to moulds. Therefore in this specification in 
15 addition of either yeast or mould the term "fungus", or 
its plural form "fungi", will be used which covers both 
yeasts and moulds. 

In this specification the expression "expressible gene" 
means a structural gene encoding a protein, either 
20 homologous or heterologous to the host organism, in 

combination with DNA sequences for proper transcription 
and translation of the structural gene, and optionally 
with secretion signal DNA sequences, which DNA sequences 
should be functional in the host eukaryote. 

25 

In this specification the expression "deficient 
selection marker needed for the growth of the yeast or 
mould in a specific medium" is used for a marker gene 
containing a promoter and a structural gene encoding a 
3 0 polypeptide or protein, said polypeptide or protein 

either being needed for the production of an ingre- 
dient, such as amino acids, vitamins and nucleo- 
tides, which ingredient is essential for the 
growth of the yeast or mould; in this specification 
35 such ingredient is also called "essential 

nutrient" , 

or being needed for the protection of the cell 
against toxic compounds, such as antibiotics or 
Cu^" 1 " ions, present in the medium, 
40 provided that the deficient selection marker results 
either in sub-optimal de novo synthesis of said 
polypeptide or protein, which in turn results in a 
sub-optimal production of the essential ingredient 
or in sub-optimal protection against said the toxic 
45 compound, respectively, 

or in de novo synthesis of a modification of said 
polypeptide or protein having a sub-optimal 
efficiency in the production of said essential 
ingredient or in sub-optimal protection against 
50 said toxic compound, respectively. 

Thus the word "deficient" is used to indicate both the 
sub-optimal synthesis of the polypeptide or protein, and 
the production of a polypeptide or protein having sub- 
optimal efficiency in the actions for the cell as 
55 mentioned above. 
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Examples of such marker genes include auxotrophic 
markers sucii as the LEU2 , the TRF1 and the URA3 genes, 
antibiotic resistance genes such as the G418 resistance 
gene and the chloramphenicol resistance gene, and the 
gene encoding the enzyme catalase which can protect the 
cell against H 2 0 2 . 

BACKGROUND OF THE MU LTICOPY INTEGRATION ASPECT OF THE 
INVENTION 

An example of "a so-called "deficient selection marker 
needed for the growth of the yeast" is the LEU 26. gene 
described by Kingsman c.s. (reference 1), who described 
the development of a multicopy integrative vector which 
was dispersed throughout the genome using the transposa- 
15 ble Ty element" Tyl-15 (reference 2). The element was 
engineered to contain two selectable markers, TRPl 
(reference 3) and LEU2 from pMA3a, and the PGK expres- 
sion signals from pMA91 (reference 4) with an IFN-a 2 
coding sequence (reference 5) • A single copy of the 
20 engineered Ty Was integrated into the genome using a 
linear fragment to stimulate recombination across the 
ends of the element ana thereby replacing an endogenous 
element. Transf ormants were selected for the TRPl 
marker. Few transf ormants were obtained by selecting for 
25 LEU2 as insufficient enzyme was produced by a single 
copy of this gene. The transf ormant was then grown in 
decreasing concentrations of leucine to select for an 
increase in the copy number of the LEU 2 gene, presumably 
by spread of the Ty element throughout the genome by 
30 gene conversion and transposition (reference 6) . A 

strain was constructed which produced 8 x 10 5 molecules 
of IFN per cell; this being intermediate between yields 
from single copy ARS/CEN vectors (10 5 molecules/cell) 
and from multicopy vectors such as pMA91 (6 x 10 6 
35 molecules/ cell) . 

For a practical stable production system with a 
transformed yeast the use of Ty elements has certain 
disadvantages . 

40 - For example, Ty elements are homologous to 

retroviral Sequences, which are more or less suspect 
materials for production of a protein suitable for 
products for human consumption or in the preparation 
thereof. Thus it is preferable to find solutions whereby 

45 these more or less suspect materials are not used. 

Another disadvantage is their property of being 
transposable elements. This has the consequence that an 
appreciable risk exists that the resulting strain is not 
genetically stable, because the transposable TY elements 

50 integrated in the chromosome of the yeast can transpose 
and integrate at other sites of the genome which has 
negative implications for the production process and can 
give problems ffi obtaining clearance from responsible 
companies and the authorities . 

55 - in view of their retroviral properties Ty elements 
may result in virus-like particles. This is highly 
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undesirable for practical production processes, because 
avoided genetically modified organisms should be 

- Ty elements only occur in the yeast Saccharomyces 
5 cerevisiae. Therefore it is doubtful, whether they can 
t U f £° r other Yeasts or even moulds. It is unknown 
whether transposable elements occurring in other 

22?2 i8 X! be U f ed ±n a similar w ay. But even if they 

10 above' 6 Same disadvanta 9 es a s indicated 

^ T ? e c °Py. nui nber obtained with Ty integration is 
ab f? t ?°:^°w Wlth a Single ma ^^um of about 40 copies per 
£ i* ^ h xgher number of 100-300 copies per cell would 
£>e nighly advantageous for commercial production 

1l S ^ m t' aS highe ^ c °Py numbers, in general, will result 
in higher expression levels. 



15 



20 



40 



45 



Therefore a need exists for other systems by which 
2SS X S? W in J eg ration of heterologous genes in fungi 
such as yeast and moulds can be achieved. " 



im£SLS F THE wttt,ttcopy ^tegration ™ the 

?r 5 aS n ° W bSen foUnd that stable multicopy integration 
25 in S. cerevisiae can be obtained by use of an expression 

S i-L 2 ^« ent s f lection marker needed for the growth 
of the yeast" as above defined and additionally a 
ribosomal DNA sequence, of which the ribosomal DNA 
30 sequence enables stable multicopy integration of said 
expression vector in the ribosomal DNA locus of the 
w??S J?S! 0me * Sur P r i s ingly.it appeared to be possible 
with such a system to obtain multicopy integration of 

SS ?n° C ° Pi ^ Per ? el1 ' Which were stable g over Serf 
than 70 generations m both batch and continuous 
cultures • 



?3rr? aS sur P ris ingly been found that not only the known 
LEU2 d system but also other -deficient markers" ca£ £e 
used, in particular a TJZPld or URAZd gene. 

It ^1 f U ? = 5 0r ? een f ° Und that technique can also 

be applied to other yeasts, in particular of the genera 
Hansenula and Xlujveronyces. y 
Thus the principle of using an expression vector 
containing a "deficient marker" combined with a 
ribosomal DNA sequence for obtaining multicopy integra- 
tion in a yeast as disclosed above appears to have I 
f?2 ? en ; ral "KPlication, for example for other yeasts 
so i P "* ia or moulds e.g. belonging to the genera 

iX'SSiJ"' J ^ 1 f°i ,u ^? r Trlchoderma, in particular if 
the multicopy integration vectors contain ribosomal DNA 
originating from the host organism. Thus this principle 
is applicable for fungi in general. principle 

55 The multicopy integration aspect of : the present 

invention provides a process for preparing a heterolo- 
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gous protein , e.g. a lipase , by a eukaryote transformed 
by multicopy integration of an expression vector into 
the genome of the eukaryote, said expression vector 
containing both an expressible gene encoding said 
5 heterologous protein and a so-called "deficient 
selection marker needed for the growth of the 
eukaryote", in which process said expression vector 
contains ribosomal DNA sequences enabling multicopy 
integration of said expression vector in the ribosomal 
10 DNA locus of the eukaryote genome. 

It has further been found that an expression vector as 
herein before described can be stably maintained at a 
high copy number, when a fungus transformed according to 

15 the invention is grown in a so-called "complete" or non- 
selective mediuSa, which contains all the ingredients 
necessary for growth of the fungus. Normally one would 
expect that de novo synthesis is not required due to the 
presence of the essential ingredient in the medium, 

20 which would result in decreasing the proportion of 
multicopy-integrated yeast cells in the total yeast 
population and thus would lead to a decreased production 
of the desired polypeptide or protein. Surprisingly, 
despite a situation in which de novo synthesis is not 

25 required, the multicopy integration is stably maintained 
and the polypeptide or protein was produced in relative- 
ly large quantities. 

Although the invention is not limited by any explana- 
30 tion, it is believed that the effects observed are 

based on the following theory. For unknown reasons it 
seems that in such a system the uptake of the essential 
ingredient is limited. Therefore, de novo synthesis is 
st iH needed when the fungus is grown at a growth-rate 
35 above a certain minimum value. This will result in a 
selection advantage for those cells which have a high 
copy number of the "deficient marker". Possibly the 
active uptake of the essential ingredient, e.g. leucine, 
is negatively influenced by the presence of other 
40 components in the medium, such as peptides and valine. 

Thus, in general, the process can be described as a 
process in which said transformed fungus is grown in a 
medium containing said essential ingredient at a 
45 concentration below a certain limit whereby the uptake 
of said ingredient is rate-limiting, so that de novo 
synthesis of said ingredient is required for a growth- 
rate above a certain minimum value. 

50 An example of a^ complete medium is an industrially 
applied growth iiedium such as molasses, whey, yeast 
extract and comfcinations thereof. 

Another embodiment of this invention is the fermentative 
55 production of one of the .various, forms of enzymes 

described above or related hosts. Such a fermentation 
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XSmoi? 1 ? 9 normal . bat ch fermentation, a fed-batch 
fermentation or a continuous fermentation. The selection 

SL^i Ch ? r ^ SSS h S S to be used depends on the hos? 
strain and the preferred down stream process. 
According to this embodiment it is preferred that the 

£S^-^- SeC £ et f? by the ^^roorganism into the 
fermentation broth, whereafter the enzyme can be 

«?2hX; r ^ 5*°? the br ° th by first ^moval of the cells 
either by filtration or by centrifugation. 

In a further aspect, the invention relates to enzymes 

£heir C £S?f?o\ - NA te ? ni «^ es applicable for JSgSTtar 
tneir modification and production. 

SlaS 1 ?? L ^^ b0 5 ini f^ tS th±S aspect of tne invention 

^ production of modified enzymes or 

modified enzymes, especially modified lipases. Thus this 
aspect as described below provides interalia techniques 

20 l°L?f UCtl ° n ° f ^ PSSe ' e ' g * ^ses of the ge£S ^ 
20 Pseudomonas , e.g. lipase from P. glumae (alias p. 

former' sucn feasts . S enetica1 ^ -odi"- 



10 



15 



25 i^^g w ^° DItffiNTS ° F THE MULTICOPY ASPECT OF THE 



30 



35 



40 



S?2a?inS i 5 iCally n the invention Provides a process for 
preparing a, homologous or heterologous, protein bv a 
eukaryote transformed by multicopy integration of an 

^Sr™ 011 V ? Ct ° r into the genome of a nolt lukaryo^e 
said expression vector containing both an «exoressibi4 
*t n ?' as ? erein bef °re defined encoding Said^omoJogous 
or heterologous protein and a so-called "deficient 
S^fS*- 0 * marke ? needed for the growth of Si ylSst or 

wSereii n s ? 1 -; PeCifiC ? ediUm " aS hSrein before defSed 
T^fi aid expression vector contains ribosomal DNA 

enab i ln g. multicopy integration of said 
expression vector in the ribosomal DNA locus of the 

marXTfS P?™^ Preferabl y ^id deficient seleSfon 
J5f 1 f v \ LEU2d gene, a r*pid gene, or a URA3d gene 
The eukaryote can be a fungus such as a yeast 
preferably one of the genera Saccharo^L ? *iuyve*-o- 
myces or Hansanula, or a mould, preferably one of £L 
45 genera Aspergillus, Rhizopus and TrichodeLl 

in a preferred process said transformed eukarvote is 

ISStSi a fS? d S m Caa 5P ± F an i"gredient, a 3Sch S 

K for the growth of the eukaryote, at a concen- 

50 £S?i?^ Whereb Z ^ hS Uptake ° f said ingredient is ?a£e- 
ii ™ n? ' 5°,**** de ao ™ synthesis of said ingredient 
valuT^nf I* ttr 3 g rowth -rate above a certain minimum" 
value which value depends on the host organism and the 

la??^* 0 ^ 0 " 3 * Pref erably such *edSm ^ a so-** 6 
55 coitafn. «?? 1 S e -° r non - s elective medium, which 
55 contains all the ingredients necessary for arowth of 

eukaryote, for example, an industrial^ applied^row^h 
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medium, such as molasses, whey, yeast extract and 
mixtures thereof . 

In order to obtain sufficient production of a selected 
protein in the process according to the invention it is 
5 preferred that the transformed eukaryote contains the 
gene or genes required for expression of said protein in 
a multimeric form in one of its chromosomes in, or 
directly linked to, a locus coding for a ribosomal RNA 
while at the same locus also multimeric copies of a 

10 deficient gene encoding a protein required in the 

biochemical pathway for the synthesis of said "essentials 
nutrient" are present* Examples of such expressible gene 
are those encoding an enzyme, preferably a hydrolytic 
enzyme, in particular a lipase, or a genetically 

15 modified form of such enzyme. Particularly preferred 
lipases that can be produced with a process according 
to the present invention are lipases that cross-react 
with antisera raised against a lipase from Chromobacter 
viscosum var IXpolytzicum NRRL B-3673, or with antisera 

20 raised against lipase from Alcallgenes PL-679, ATCC 

31371 or FERM-P 3783, or with antisera raised against a 
lipase from Pseudomonas fluorescons I AM 1057, and 
modified forms of such cross-reacting lipase. 
A specially preferred lipase is encoded by a gene having 

25 the nucleotide sequence given in Figure 2 or any 
nucleotide sequence encoding the same amino acid 
sequence as specified by that nucleotide sequence or 
encoding modified forms of this amino acid sequence 
resulting in a lipase with a better overall performance 

30 in detergents systems them the original lipase. 

The transformed eukaryote used in a process according to 
the invention lis preferably a eukaryote being deficient 
for the Synthesis of an "essential nutrient" as herein 
before defined and whereby the deficient selection 

35 marker can contribute to complementation of the 

synthesis of ttif "essential nutrient". The deficiency of 
the parent strain can be achieved by replacement of a 
gene coding for an enzyme effective in the biosynthetic 
pathway of producing said essential nutrient. It is 

40 particularly advantageous if the enzyme, for which the 
parent strain is deficient, catalyses a reaction in a 
part of the biosynthetic pathway that is not branched 
until the essential nutrient is formed. Examples of 
essential nutrients are amino acids, nucleotide or 

45 vitamins, in particular one of the amino acids leucine, 
tryptophan or uracil . 

Another embodiment of the invention is a process as 
described above, in which the expression vector contains 

(i) a ds ribosomal DNA or part thereof e.g. a ds DNA 
50 sequence that codes for a ribosomal RNA, and 

(ii) a DNA sequence containing in the 5' — > 3' direction 
in the following order: 

(ii) (a) a powerful promoter operable in the host 
organism, 
55 . ^ 
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(li) (b) optionally a signal sequence facilitating the 
secretion of said protein from the host 
eukaryote, 

(ii) (c) a structural gene encoding the protein, 
(li) (d) an efficient terminator operable in the host 
eukaryote, 

in addition to the sequences normally present in a 
vector. 

The ribosomal DNA can be ribosomal DNA's occurring in 
moulds, in particular moulds of the genera Aspergillus, 
Rhizopus and Trichoderma, or those occurring in yeasts, 
m particular yeasts of the genera Saccharomyces , 
Kluyveromyces , Ha.nsen.xila and Pichia. 
Experiments have shown that the best results are 
15 obtained when the vector has approximately the same 

length as one ribosomal DNA unit of the host organism. 
For example, if the ribosomal unit in the chromosomal 
DNA is about 9 kb, vectors of about 14 kb or 5 kb were 
^ n n °t ftably maintained, but vectors of about 8-10 kb were 
20 stably maintained. 

The promoter controlling the expressible gene is 
preferably * 

(i) the Gal7 promoter, the GAPDH promoter, or the PGK 
promoter, if the host belongs to the genus 

25 Saccharomyces , 

(ii) the inulinase promoter, the PGK promoter or the 
IAC4 promoter, if the host belongs to the genus 
Kluyveromyces , 

(iii) the DHAS promoter or MOX promoter, if the host 
30 belongs to the genus Hansenula, 

(iv) the glucoamylase promoter, glucose-oxidase promoter 
or the GAPDH promoter, if the host belongs to a 
mould of the genus Aspergillus , or 

(v) the cellulase promoter or the GAPDH promoter if 
the host belongs to moulds of the genera Rhi'zopus 
and Trichoderma . " 

If the structural gene encodes an oxidase, the host cell 
preferably belongs to the genera Hansenula or Pichia or 
Aspergillus . 

40 Another preferred embodiment relates to a process in 

which the expressible structural gene encodes the light 
or heavy chain of an immuno-globulin or preferably both 
genes, or part of the light or heavy chain of an 
immunoglobulin, preferably that part coding for what 

45 normally is called FAB fragment, or that part thereof 
that codes for the variable regions. Related to this 
embodiment is the use of a gene or genes modified bv 
genetic engineering resulting in modified immuno- 
globulins or immunoglobulins with catalytic activitv 

50 (Abzymes) . y 

A preferred expression vector additionally contains a 
deficient gene coding for an enzyme that has been 
disrupted or deleted from the chromosome of the host 
li P r f£ er a bl y °ne encoding an enzyme effective 

55 m the biosynthetic " pathway of .producing an essential 

nutrient, such as an amino acid like leucine, tryptophan 



35 



WO 91/00920 



PCT/EP90/01138 



8 



or uracil, a nucleotide or a vitamin. 

A process according to the invention can be carried out 
as a normal batch fermentation, a fed-batch fermenta- 
tion, or a continuous fermentation. It is preferred that 
5 the medium contains the essential nutrient in such a 
concentration that at least 20, but preferably at least 
50, copies of the deficient gene are maintained in the 
chromosome, said deficient gene encoding an enzyme 
involved in the biosynthesis of that essential nutrient. 

10 Good yields of the protein to be produced by the 

transformed eukaryote can be obtained when the growth 
rate of the host is between 20 and 100 %, preferably 
between 80 and 100 %, of the maximum growth rate of a 
similar host not deficient for said essential nutrient 

15 under the same fermentation conditions. 



BACKGROUND OF THE T.T PASE ASPECT OF THE INVENT T ON 

20 Lipases and proteases are both known as ingredients of 
detergent and cleaning compositions. Proteases are 
widely used. 

Examples of known lipase-containing detergent composi- 
25 tions are provided by EPA o 205 208 and EPA 0 206 390 
(Unilever) which relates to a class of lipases defined 
on basis of their immunological relationship and their 
superior cleaning effects in textile washing. The 
,„ Preferred class of lipases contains lipases from a.o. p 
30 fluorescens , P. gladioli and Chromobacter species. 

JPi O' 2 " 761 (NOVO) and EPA 0 258 068 (NOVO), each give 
detailed description of lipases from certain microor- 

« gani f m f ' and also certain uses of detergent additives 
^ deter 9«nt compositions for the enzymes described. 
EPA 0 214 761 gives detailed description of lipases 
derived from organisms of the specimen p. cepacia, and 
certain uses therefor. EPA 0 258 068 gives detailed 
description of lipases derived from organisms of the 

40 genus Thermomyces (previous name Humicola) and certain 
uses therefor. 

A difficulty with the simultaneous incorporation of both 
i£ pases Proteases into detergent compositions is 
45 that the protease tends to attack the lipase. 

vantage 13 he&n P ro P° sed to mitigate this disad- 

50 One such attempt is represented by EPA o 271 154 

(Unilever) wherein certain selected proteases with 
isoelectric points less than 10 are shown to combine 
advantageously with lipases. 

55 Another attempt is described in WO 89/04361 (NOVO) 
which concerns detergent compositions containing a' 
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lipase from Pseudomanas species and a protease from 

mSSa?ea m in r i?ra™?^ S subtilisin **P* which has been 
169 9? 9 ? am ^°.aoid sequence at positions 166, 

169, or 222 in certain ways, it was reported that there 
5 was some reduction in the degree of attack upon the 
lipase by the particular proteases described. 

THE LIPASE ASPFPT Q F THF TNVENTTOKT 

22aJ£T! n £ l0n ±n ° nS ° f ±tS as P ects Provides lipases 
produced by recombinant DNA techniques, which carrv at 
least one mutation of their amino 2cid sequences^ 
15 prSSSi? 9 impr ° Ved lability against attack £y ' 

ilS??- 6 '^ 6 invention provides lipases showing 
°^ cal cross-reactivity with antisera raised 
against lipase from Chronometer visoosum var. 
20 li P oi 7 tzcu ffl NRRL B-3673 or against lipase from p seu do 

cS^v m odT??:r S lAH 1057 . and Produced by ^artifi- 
cially modified microorganism containing a gene made bv 
recombinant DNA techniques which carries at i « e f ? Y 

25 SJerebr t affeC ^ ng ^no aSd^c ^ llL Se 

^ C °S f S r Up ° n ^ 1:L P ase ^Proved stability* 
against attack by protease. y 

SJfc"^ 1 ?^ 01 * 1 }* modified microorganisms include 
isciericiia coli, fseudomonas aeruginosa P w = 

30 P. giu fflae in which the original aene ror'tL ilZHt t 

been deleted, Baciliu, subrilJs IS various' varieSL^of 
the genus Aspe^illu*, £hi* op u* and TrichodeS" ° f 
Sflcciaromjces cerevisiae and related soecies 7 
pol 7n orpfia, Pichi* and related species zi™-l * 

^ r ° ad range of different micro-organisms other 
Sf rgan i SmS not des «ibed in detail in the examples 
can be used as well as host cells. examples 

™S IS^f??. 1:L P ase ca " bring advantage in both activity 
and stability when used as part of a detergent or 
cleaning composition. gent or 

rroS UCh liPaSe ' thS mutation can for example be selected 

i;?°? uction < e ;?- ^ insertion or substitution) of 
one or more proline residues at a location 
otherwise vulnerable to proteolytic attack; 

an increase of the net positive charge of the 

ii?; Se ^ mol ? CUle J e * g - b y insertion of positivelv- 
charged amino acid residues or by substitution of 
neutral or negatively-charged amino acid res ±Su2> - 
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(c) introduction (e.g. by insertion or substitution) of 
a combination of amino acid residues of the lipase 
capable of becoming glycosylated in the selected 
host cell, thereby improving the stability of the 
5 glycosylated lipase against proteolytic attack. 

Also provided by the invention is a method for the 
production of a modified microorganism capable of 
producing an enzyme by recombinant DNA techniques, 
10 characterized in that the gene coding for the enzyme 
that is xntroduced into the microorganism is fused at 
its 5 '-end to a (modified) pre-sequence . 

£»JS^i? Ula ? f^? diments of the invention, the gene of 
15 bacterial origin is introduced with an artificial pre- 
seguence into eukaryotic organisms. 

Jff?£?i n ?^' ^certain aspects the invention provides 
on i ally modxf ^ microorganisms containing a gene 

SSStSL — e ? zyme . and to Produce that enzyme 

SETi- rS 1 ^-^^ 010 ° ne ° f the ^nisms mentioned 
above or a modified form of such enzyme by use of 
recombinant DNA techniques and fermentative processes 

m 5°xA^^ e . PTO * act±on based on such artificially 
25 modified microorganisms. 

The fermentation processes in themselves apart from the 
S™ a i natur \? f «i« microorganisms can be based on 
Known fermentation techniques and commonly used 
fermentation and down stream processing equipment. 

According tcra further aspect of the present invention 
it is found that modified (mutant) lipases from 
Pseudoaonas or another of the preferred class of 
lipases, with amino acid sequence modification (s) chosen 
to increase the stability of the enzyme to protease 
digestion are of value in detergent and cleaning 
compositions, ©specially for example in combination with 
proteases, e.g. proteases of the subtilisin type. 

A suitable and presently preferred example of such a 

SSS^S f» ° 3 mUtant liP«se P from Ps.udaLnas 
i - a Hls 1 154 f ro mutation, which is believed to 
replace a site vulnerable to protease digestion in one 

4* ZiJ* 1 * i°° PS ° f **• te rtiary structure of the lipasl 
45 with a less vulnerable site. p e 

According to a further aspect of the present invention 
it is found that modified (mutant) lipases froS 
*n l*?» dou ° n * s or another of the preferred class of lioases 
50 with amino acid sequence modification (s) chosen t £ lpases 

S Cr ™ e ^ e ? et P° s i tive ^arge of the lipase and its 
pi, are of value in detergent and cleaning compositions 
especially for example in combination with proteases"? ' 
Rc e.g. proteases of the subtilisin type. . 



35 



40 



WO 91/00920 



PCT/EP90/01138 



11 



capable of becoming gl5cosv?atiS ^ ^-f 111110 , acid ^sidues 
and thereby improving* i?s SaS??^ the ."«l«=ted host 
attack are give^S nutatiS^mi^ agaxnst proteolytic 
between N155 and T156 5?T and inse rtion of g 

on re m ove glycosylation 

sites of the origin^^e^ 

produced 1 ^ i/Sl^ZLST"! ° f ^$ aSeS the 
usually called pf T ^ IuMe (formerly and more 

basS 1 Lr "£? processerjnd^^r 1 ^ ±S 3 P«*erx«d 
Neither the amino JSJS se*™ e P ~ d * CtS ° f this "mention, 
sequence of the genS coISK ?SJ f° r the ™°leotide 
previously known? ?he prisln? L^- 5 ^"^ lipase was 
the gene coding for* Ih^rXerreTTi^ 
bactenum as will be illustrated beJow? hlS 

and the use of SeJe to t Si^ gene lnto cl °ning vectors, 
express the Hp^nf KsTn^sTcSL 1 ? ^ *° 

Also p. f i ulDae J* which ?h^ ^ e "^ n ^ a ' P - P«id«. 
been delSted is a suiSbS hoS 91 £ al Xi P ase ?ene has 

xL^^fjrmarxSnus S^S^^^ 
Wnera^^ 
45 suitable hos t r?f r iarge^cKr D rod^- iCh ° de:rina - Also 

?f f " lent secretion of (mutant) lipases 
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40 



so detail in the ^^SS^TSS".^ as host 

55 encoding a gene codfnl lor aS « 2 ™ as^IS^ ! equenoe 
» one of the preferred hosts PreSraWy uprise- ab ° Ve 
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(b) 
(C) 



(a) ds DNA coding for mature enzyme or pre-enzyme 

directly^down stream of a (for the selected host 
P r ®£ er ^ ed > secretion signal; in cases where the 
SJ^- -S?^? ene tGat sho ^ld be translated does not 
start with-the codon ATG, an ATG should be placed 
in front. The translated part of the gene should 
always end with an appropriate stop codon; 
an expression regulon (suitable for the selected 
host organism) situated upstream of the plus 
strand of the ds DNA of (a) ; 

a terminator seguence (suitable for the selected 
host organism) situated down stream of the plus 
strand of the ds DNA of (b) ; 

nucleotide sequences which facilitates integration 
?a e Jf r ? b i Y multic °Py integration, of the ds DNA of' 
i>~Z+ • ln 5°^ e genome of the selected host which 

SSSJSfJr fXCMnt - f ° r an essent ial nutrient. The 
nucleotide seguence that facilitates multicopy 

20 i n ?2 g f n 13 ds riboson »al DNA or at least part of 

20 this sequence. Moreover a ds DNA seguence 

containing the deficient gene coding for the 
enzyme that is absent in the host cell has to 
/«n be P res f n t on the integration vector, and 
(e) optionally a ds DNA sequence encoding proteins 

^irf n ^^ r& ^ inaCti ^ ion °* unfolding 
and/or in the maturation and/or secretion of one of 

s^Jec?ed? rSOr 5 ° f ^ en2yme ±n host 

30 exlmp^? ti0n W±11 be illust «ted by the following 

Example Isolation and characterization of the 

35 gene encoding (pre) -lipase of p. giumae. 

Stains SSTSFgS? ° f ^ 
*0 raL^ (pre^2Sa^f i0n ° f 9— encoding 

Sp^gene *2£^ 

45 ^in^oduc^^?.^ «- 

Example 6. Expression of the synthetic lipase genes 

50 Sg S smIasr OJDyCeS Ce " ViSiae usin 9 ^oncousl? rep?!ca?- 

Example 7. Expression of synthetic lipase genes in 

Saccharomyces cerevi s i fle using multicopy integration. 

55 SSi* 8 - Eduction of guar —galactosidase in 

StLccharomyoes cerevlslae using, multicopy integration. 
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Example 9. Multicopy integration in Saccharomy ces 

c.r.vi» M using other deficient selection marker! 

5 con??nuous°-cultures nity ° f -tenant ±» 

S^ 1 int^S?SSS affecting the stability of 

10 Example 12 Expression of the synthetic lipase genes 

in Hansenula polymorphs . p yenes 

Example 13. Production of guar a-galactosidase in 
is 2T*n*e n u2 a polymorph* using multicopy integration! 

Example 14. Multicopy integration in ri B7 v.„. 7 c M . 

20 $;c?or2f ae and *— - - la i-^^rsSg s s;^s^ e -' 

S??iL* s r l a L e L t0 ^ ex P ression of a lipase gene in 
irC+L™^- Sa " haron 7ces cerevisiae after multicopy 

25 £vS5on? n ° f an expression v ^tor according ro P ?he 
£HgSi£" *° ° ther aS ^ cts ot the multicopy 

gaSSoSiLsfin'thfjeLtS ^.r^" 1 ™ 1 ° f ^ «" 

" rSS^^,?"^^ ^ THE 

isolation Of P. ^7,,m^ chromosomal nwTv 
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55 



cSiSc?ld a bi 5 o^^ rni ^ t culture in LB medium were 
coiiectea by centrxfugation (Sorvall HB4 rotor- in «n« 

2^3*t? min) - The cel1 pellet «= SJrS t S'. 1 Si°8S 

ma/ml T-ri e_ H r-i „ H , „ 9 7 41> C ' 1 ml proteinase K (2 
o?< i-t^T 11 ^ 1 pH 7 * 0 ' Pre-mcubated for 30 min at 45 
anotStt ^° e ° am rhS mixtu "> was incubated at 45 4 for 
?o?^S V2 m i n * N6Xt ' 3 -2 ml 5 M NaClO, was added 
followed by two extractions with 15 ml CHC1 Jiso-c.H, ioh 
(24:1), each of which was followed bv a o^CT?° c 5?1 10H 

i from the su pernatant by adding io ml 

ethanol. After a wash in 75% ethanol the, DNA pellet was 
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re-suspended in 2 ml H 2 0. 

Preparation of a gene bank, 

5 A DNA preparation of P. glumae was partially digested 
with the restriction enzyme Sau3A, as described by 
Maniatis (7) .The cosmid vector c2RB (8) was digested 
to completion with SmaX and BamKX, both enzymes having 
one recognition site in the cosmid. Excess vector 

10 fragments were ligated, using T4 DNA ligase (in 50 mM 

Tris-HCl pH 7.5, 10 mM dithiotreitol (DTT) , 10 mM MgC12 
and 0.5 mM rATP) , with DNA fragments from P. glumaa. The 
recombinant DNA thus obtained was packaged in phage par- 
ticles as described by Hohn (9). The complete phage 

15 particles "obtained this way were used to transform E . 
coll 1046 met , gal , lac, hsdR, phx , supE, hsdli, recA) 
by transf ect idn . 

5ml fresh LB medium containing 0.4 % maltose, was 
inoculated with 0.5 ml of a overnight culture of E. coll 

20 104 6 and incubated for 6 h. at 37 °C under continuous 
shaking. Before infection with phage particles, MgCl 2 
and CaClo were added to a final concentration of 10 mM. 
In a typical experiment 50 $il phage particles were mixed 
with 50 fil of cells and the mixture was incubated at 37 

25 °C for 15 mini 100 pi LB medium was added and incubation 
at 37 °C continued for 30 min. The cells were plated 
directly an LS-agar plates containing 75 /*g/ml ampicil- 
lin (Brocacef ) . After overnight growth at 37 °C ca. 300 
colonies were obtained . 

30 

Oligonucleotide synthesis. 

As probes for the lipase encoding DNA fragment, we used 
oligonucleotides based on the sequences of the 24 N- 
35 terminal amino acids (see below), determined by Edman 
degradation, using an Applied Biosystems Gas Phase 
Protein Sequencer. 

Based on the established amino acid sequence, all the 
possible nucleotide sequences encoding the amino acid 

40 sequence were derived. Deoxy-oligonucleotides containing 
all or part of the possible nucleotide sequences (so 
called mixed-probes ) were synthesized on a DNA syn- 
thesizer (Applied Biosystems 380 A) using the Phospho- 
amidit technique (10) . Oligonucleotides were purified on 

45 16% or 20% polyacrylamide gels (7). 

Radio-labeled oligonucleotide probes. 

Typically, 0.1-0.3 j*g of the purified oligonucleotide 
50 was labelled by incubation for 30 minutes at 37 °c in 50 
mM Tris-HCl pH 7.5, 10 mM MgCl 2 , 0.1 mM EDTA, 10 mM DTT, 
70 jiCi gamma- 3 2P-ATP (3000 Ci/mmol , Amersham) and 10 
units T4 J polynucleotide kinase (Amersham) in a final 
volume of 15 The reaction was terminated with 10 M l 

55 0.5 M EDTA pa ST. 0 and passed through a Sephadex G25 

column of 2.5 ml (disposable syringe) equilibrated with 
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TE buffer (io mM Tris-HCl pH 8.0 and 1 mM EDTA) 
Fractions of 250 M i were collected, fromwhich the 
first two radioactive fractions, usually fraction! 4 an n 
5 5, were pooled and used for hybridization! nd 

Screening of gene banV. 

From several packaging and transfection experiments 
10 sep^Sf/? ^^ribed above, a total of S loot *' 
?JfS 5 colonies were obtained. These colonies were 
transferred to ELISA plates (Greiner f ® 

150 M l LB- ffie dium (ioo P M g amplc^n^/wel? Ift^™ 9 
SSSffi le^tf llnlU^tTit ^made^stng a 
15 fit in the ffi iirSt!te?°wIi!sf n ? 0 ^he 8 •SS'ofS? - ^ 

plates were stored at -80 °c p ' tnese 

of P Se ie^nlaS «o^ fer ° f the bacte ^a with the aid 
or tne template, colonies were grown overnight at 37 o c> 

The colonies on the filters were lvsed bv m*,-™ ^ 
-Mmii* w„ i . ror 15 min - After removal of excess 

M Sici o i? » 5 fJ 4S ers » ere dunked into lo x ssc (l I 

Pre-hybridization of the filters was performed in 5 x 
SSC, 5 x Denhardts (io x Denhardts . o 2 * t^rL?"? * „ 

%°sK ln ?o' P r r °^ d0ne ' °' 2 % bo ^ e serum % afbumin) Vl % 
* SDS, 50 mM sodium phosDhate n w n r i £ 7 . ; ' °- 1 

Hybridization with a radio-active 1^11^ , 
mixed probe fvis02 aaSnSiSSJJI labelled (see above) 

SSC, ix DenhIS2s; 0 iTsDS fS S L WaS .^ erf0rmed in 5 X 
7 5, 100 ^g/ml ^iA^J^^^^T^^ f 
deionized formamide, for 16 h. at 39 °c a2!J 5? % 

washing was extended for 15 min at 37 o c iTprlheated ' 



20 



25 



30 



40 



45 



50 



WO 91/00920 



PCT/EP90/01138 



16 



0.1 SSC 0.1% SDS. 

Upon screening the gene bank as described above, several 
cosmid clones were isolated. Clone 5G3 (hereinafter 
called pUR6000) was chosen for further investigations. 

Sequenci ng of the lipase gene. 

DNA fragments resulting from digestion of pUR6000 with 
BamHI were ligated in plasmid pEMBL9 (11) which was 
10 also cleaved with BamBl and the obtained recombinant 
DNA was used to transform E. coll JM101 (12) , with the 
CaCl 2 procedure and plated on LB-agar plates 
supplemented with X-gal and IPTG (7) . 

68 white colonies were transferred to microtiter plates 
15 and subjected to the same screening procedure as 

described for the cosmid bank. Several positive clones 
could be isolated. A representative plasmid isolated of 
one of these colonies is depicted in Fig. l and is 
referred to as pUR6002. Upon digesting this plasmid with 
20 £coRI, two fragments were found on gel, -4.1 kb and 
-2.1 kb in length, respectively. Another plasmid, 
pUR6 001, contained the BanHI fragment in the opposite 
orientation. After digestion with EcoRI, this plasmid 
resulted in fragments with a length of -6.1 kb and -70 
25 bp, respectively. 

In essentially the same way pUR6006 was constructed. In 
this^case pUR6000 was digested with EcoRI after which 

x » JS;*?* 0 ?* 8 were iigated in the £coRI site of plasmid 
pLAFRI (13). After screening the transformants, a 

30 positive clone was selected, containing a £eoRl 
fragment of -6 kb, designated pUR6006 (Fig. l) 
The purified DNA of pUR6001 and pUR6002 was used for the 
establishment of the nucleotide sequence by the Sanger 
dideoxy chain termination procedure (14) with the 

35 modifications as described by Biggin et al. (15), using 
alpha-35 S -dATP (2p00Ci/mmol) and Klenow enzyme (Amer- 
sham), ddNTP's (Pharmacia-PL Biochemicals) and dNTP's 
(Boehringer) . We also used the Sequenase kit (United 

ah ?S eS ™ 1 * Che ? :L ^ al Cor P°ration) , with substitution of 

40 the dGTP for 7-deaza-dGTP. The sequencing reaction 

products were Separated on a denaturing polyacrylamide 
gel with a buffer gradient as described by Biggin et al. 

( J-5 ) * 

45 The complete nucleotide sequence (1074bp) of the p 

glumae lipase (hereafter also called: glumae lipase) 

gene is given in Fig. 2. F ' 

2LS+S"SS^ sequence contains an open reading frame 
encoding 358 ammo acid residues followed by a stop 
so codon. 

The deduced amino acid sequence is shown in the IUPAC 
one-letter notation below the nucleotide sequence in 



55 



Fig. 2 

The NH 2 -terminal amino acid sequence of the lipase 
enzyme as purified from the. p. gl V mae culture broth has 
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been identified as AlaAspThrTyrAlaAlaThrArgTyrProVal- 
IleLeuValHxsGlyLeuAlaGlyThrAspLys (= ADTYAATRYPV— 
ILVHGLAGTDK) . This amino acid sequence is encoded by 
nucleotxdes 118-183 (Fig. 2). Firstly, from these Y 
5 fxndxngs xt can be concluded that the mature lipase 

enzyme xs composed of 319 amino acid residues, and has a 
calculated molecular weight of 33,092 dalton. 
Secondly, the enzyme is synthesized as a precursor, with 
10 39 ?o a -i n L a Fig. r ;^ dUe N " terminal extension (numbered - 
From the scientific 'literature it is well known that 
most excreted proteins are produced intracellular as 

a r S C ?^?„ e ? 2i T eS ( i- ) ' M ° St conm °nly these enzymes have 
a N-termxnal elongatxon, the so-called leader peptide or 
15 sxgnal sequence. Thxs peptide is involved in the initial 
xnteractxon with the bacterial membrane 
General features of the signal sequence as it is found 
xn gram negative bacteria are: 



20 1. an amino-terminal region containing (on average) 2 
posxtxvely charged amino acid residues; 
2. a hydrophobic sequence of 12 to 15 residues; 

25 4. 



- - u — -»-«- j-—' i.c&j.uues; 

or C glycine reg± ° n ' ending with serine, alanine 

i* J* 1 * total length is approximately 23 amino acids. 
2S£ Ii?I lY ' ^ e „lfP ase signal sequence comprises 3? 
^i n °4 acids ' wh:Lch *r s rather long. Furthermore, it 
ter^iiut. r positlvel y barged amino acids at the N- 

For gram negative bacteria, this seems to be an 
except xonal type of signal sequence. 

re?a a ^°?^; c g eneS °^anisms, encoding 

ar 0 «» n «i°? ed ea ?l ie r, the P. s l umae ii pase belongs to a 
S° S immunologxcally related lipases. From this it 

Sr f oL e P eCted - that ***** .enzymes, although prodded by 
dxfferent organxsms, contain stretches of hiahlv 
conserved amino acids sequences. 

HL a i COnSequenCe there has to be certain degree of 
homology xn the DNA-sequence . 

Having the p. giumaB lipase gene at our disposal, it is 

45 o^nisms? 01 ^ lipaSe g€neS fr ° m ° ?her 

descrSed^bove? " eSSentiall y the -me way as 

™« ? rganism of interest a gene bank (for example 
50 i£r,\ SmXd or P na ? e Lambda) is made. This genome bank 
50 can be screened using (parts of) the -2.2 kb B afl ,Hl 

oos!??£ < desc F ibed abov ?> a * a Probe. Colonies giving a 
Sore li; a !i 9na ' be isolated and characterized in"* 
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EXAMPLE 2 . CONSTRUCTION OF THE LIPASE NEGATIVE P 
GLUMAE STRAINS PG 2 AND PG3 . '_ 

The construction of PG2 , from which the lipase gene has 
5 been deleted; and PG3, in which the lipase gene has been 
replaced with a tetracycline resistance (Tc-res) gene 
comprises three main steps. 

A - construction of pUR6106 and pDR6107 (in E. coll) 
10 starting from P UR6001 fsee example 11 : '_ 

PUR6001 contains a BamHI fragment from the P. giumae 
chromosome of -2.2kb. The lipase gene (1074 base pairs) 
situated on this fragment, has a 5'- and a 3'- flanking 
15 sequence of -480 and -660 base pairs, respectively. 
Subsequent construction steps were: 

a. partial digestion of pUR6001 (isolated from E . coll 
KA816 dam-3, dcm-6, thr , leu, thi , LacY, galK2 , 
ffi T22 ' * ra ~ 14 ' tonA31, tsx-78, su P E44) (also named 

2 0 GM418 [17]) with ClaT, to obtain linearized 

plasmids 

b. phenol extraction and ethanol precipitation (7) of 
the DNA, followed by digested with Pstl 

c. isolation of a 4.5 kb plasmid DNA fragment (having 
C i al ^ d ^ PstX stick Y ends) , and a Pat I fragment 
of -670 bp from agarose gel after gel electropho- 
resis followed by electro-elution in dialysis bags 

d. the obtained plasmid DNA fragment with a Clai and 
a Pstl sticky end was ligated with a synthetic 
linker fragment (shown below) , with a cial and a 
Pstl sticky end. 

Cla.1 OSMX3AGATCITGATC&CTCCA Pstl 
TACTCTMAACTAGTG 
This synthetic fragment contains a recognition site 
for the restriction enzymes Bell and Bgixx. 
After transformation of the ligation mixture to E 
coll SA101 (is JM101 with recA, hdsR) , selection 
on LB-Ap (100 M g ampicill in/ml) agar plates, and 
screening of the plasmids from the obtained 
transformants by restriction enzyme analysis, a 
correct plasmid was selected for the next construc- 
tion step. Upon digesting this correct plasmid with 
BamHI and JZindlll a vector fragment of ~4kb and an 
insert fragment of -500 bp were found. 

e. the plasmid construct obtained as described in d 
was digested with Pstl, and ligated together with 

50 c 6 ~ 67 ° bP PstX fraCTment isolated as described in 

f. transformation of the ligation mixture to e. coll 
SA101, selection on LB-Ap (loo fig ampicill in/ml) 
agar plates, and screening of the plasmids from the 
obtained transformants. Since the Pstl fragment 

55 can have two different orientations this had to be 

analysed, by, means of restriction enzyme analysis 
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In the construct we were looking for, the orienta- 

r e 2u 3 K°- ld be thUS th3t di ^^ion with JaSS 
^f^ S ^ in a vf^tor fragment of -4 kb and an 
insert-fragment of -1.2 kb. 

deoicSr?^ • VS ? f the correct Plasmids is 
depicted in Fig. 3 and was called DUR6107 

n. pBR322 (18) was digested to completion with a v „t 
and £coRl, after which the DNA fragment! were 
10 separated by agarose gel electrophoresis^ J 

£S££i ° f ~ 143 ? base "P a ^^ coSt^Sng'the 

15 X ' ™? filling in the sticky ends (in a buffer 

15 containing 7 mM tris-HCl pH7.5, 0.1 mM EDTA 5 mM 

oTtZl iltlnT 01 ; 7 ^^C1 2 : 0.05^M E a^TPs 5 an^ 
v.i 4>/fil Klenow polymerase) of the DNA framnoin- 

^e°^^ 

S?^ Pl ^ S ' and sc ^ning °f t£2 p!aSids rrtrn the 
analysis. ranSf0rmantS by restr i^ion en^ym^ 0 * ^ 

depic?eS^ C ri°? 3?^ ° f PUR61 ° 2 and P^ 6103 is 

** ^}°?-, Wa ^. digested with BamHI and pUR6103 was 
fS^i^ dl ^ ested w ith fiainHI; the obtained 

30 rSiTano" STdS^*? 1 bY agar ° Se gel electropho- 

resis and the desired fragments (-1145 fa D and ~?e;*n 

eLSc^ ^ ±SOlated °^ ° f *^ 52l S Sectrof° 
PRZ102 (19) was digested to completion with r 3b ht 
and^lxgated to the * an ,HI ftag^StfiwLES In * 

s"-? f "Si ° f fixtures to co ii 
S17 1 (20) selection on LB— km,Tc (25 ix/ml each? 
and screening of the plasmids from the obtaiSS 
re"^-™^ 5 ' by friction en 2 yme^natys"X The 
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25 /xg/ml Km, at 37 °C. 

The next day the P. glumae culture was diluted 1:1 
and grown for 4 to 5 hours at 3 0 °c until OD660 is 
2.0 2.5. E. coli S17-1 (pUR6106) was diluted 1:50 
and grown for 4 to 5 hours at 37 °c until OD660 is 
1.5 - 2.0 

For the conjugation 50 OD units (l unit = l ml with 
OD = 1) (20 to 25 ml) P. glumae cells and 2.5 OD 
units (1.J2 - 1.6 ml) E . coli S17-1 (pUR6106) were 
mixed and spun down for 10 min at 5,000 rpm (HS4- 
rotor) . The cell pellet was divided over 3 LB 
plates and incubated overnight at 3 0 °c. 
Subsequently the cell material was removed from the 
plate and re-suspended in 3 ml 0.9% NaCl solution 
and pelleted by centrifugation (10 min, RT, HB4- 
rotor, 4krpm) . 

The cell pellet was re-suspended in 1.8 ml 0.9% 
NaCl solution and divided over 3 plates MME, 0.5% 
glucose, 1.5% agar, 50 jig/ml kanamycin (Km) and 
grown at 30 °C. 
Since pDR6106 dpes not replicate in p. glumae, Km 
resistant trans -con jugants can only be obtained by 
integration. In these strains the plasmid pUR6106 
is integrated into the bacterial chromosome by a 
25 single recombination event at the 5'- or 3'- 

f Janking region. Due to the fact that these strains 
still contain a functional lipase gene, their 
phenotype Is lipase positive. 

30 b. Two such strains (PG-RZ21 and PG-RZ25) were 
selected for further experiments. 
To delete the plasmid and the functional lipase 
? ene ° ut of .the. chromosomal DNA, a second recom- 
bination event should take place. This can be 
achieved by growing said strains for several days 
on LB-medium without Km (without selective 
pressure) , plate the cells on BYPO-plates (10 g/l 
trypticase peptone, 3 g/l yeast extract, 5 g/l beef 
extract, 5 g/l NaCl, 7 g/l KH 2 P0 4 , 50 ml/1 olive 
40 oil emulsion and 1.5% agar) in a density which 

assures separate colonies, and screen for lipase 
negative colonies. Upon plating these lipase 
negative colonies on selective plates (MME— KM 50 
/*g/ml) , they should not grow. A strain obtained in 
45 this way could be called PG-2. 

C - Replacement of the lipase gene of the P. glumae 
chromos ome bv the Tc-res gene . 

50 a. Introduction of pUR6107 in P. glumae via 

conjugation with E. coli S17-1 (pUR6107) as 
described in B. Selection of trans-con jugants 
was performed at 30 °c on MME-medium contain- 
ing SO /ig/ml Tc. 
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Trans-con jugants obtained in this way were dupli- 
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MME-plates containing loo ng/ml Km. Several trans- 

SS 3 ^? :f; bi ^ d 5 ?? ^nsitivity (no grow?S on 
MME Km-100 plates) and lipase negative (no clearing 
5 zone on BYPO-plates) phenotype. Due to a double 

SEE ( ?* the 5/ ~ and at the ^ '-flanking 

region) the lipase gene was replaced by the Tc 
resistance gene. 

in ?U e representative strain was selected for further 

10 investigation and was called PG-3. 



15 



20 



25 



35 



45 



50 



IfSl^gEl^^?^ ° F A SYNT " E ^ GENE ENCODING 

^fS™ 0 ^? 16 nucleotide sequence of the P. giumae (pre) - 

9 2 a nSW gene Was designed, containing several 
seaieL^^iH 115 - DUe t0 thSSe nations the amino ac?a 
SoX?£? ° ? enzyme was not changed, it was however 

° WSr the GC - c °ntent, which facilitates 
enzyme engineering and enabled us to use the synthetic 
?^i n 3 var i et y of heterologous host systems. 

P^ssSSitv^o^S 0 ^ 1 ^ 1119 eJ ? Zyme ^gineering, was the 
S??oi »Z Y produce restriction enzyme recognition 
sites at convenient positions in the gene. 9 



The sequence of the new gene is given in Fig. 5(A). 

30 aoorS;L g S? v Wa nn diVided f n restriction fragments of 
2£EK^5*i y 5°° nucle otides, so-called cassettes. . 
example of such a cassetfp ie ^ ^ — ^ ^ » , 



ovamr^i-a Z -«ww J .« TO , su-cauea cassette, 

example of such a cassette is depicted in Fig. 6 . 

SS + - CaSSette Was elongated at the 5' and 3' end to 
create an £coRI and tfindlll site respectively? 



The coding strands of these cassettes were divided in 

basir^H 160 ^ 3 ( ° lig6s) With an ave rage length of 33 
bases. The same was done for the non coding strands it 

40 ?heL a «? ay >, that ^ he ° ligOS overlapped ror ? lol wtlh 
4 0 these of the coding strand. 

The oligos were synthesized as described in example 1. 

^ 0 ^ aSSe ? >ling the figments, the 5' ends of the 
SEES?. 0 ? ^ go f. had to be Phosphorylated in order to 
follows? ll ^ atlon - Phosphorylation was performed as 

SSS 1 ??^ am ? unts < 50 P mol > of the oligos were pooled 
and kmated in 40 P l reaction buffer with 8 Units 
polynucleotide kinase for 30-45 minutes at 3? °c"? The 

Sd ei°^ WaS st °PP? d *Y heating for 5 minutes at 70 % 
and ethanol precipitation. 

55 ^S^ 5 Wa f d ° ne by diss olving the pellet in 30 ul of 
55 a buffer containing: 7 mmol/1 Tris-HCl dh 7 t Tn «™ 

2-mercapto-ethanolI 5 mmol/1 A?P we?e added ' 10 1011101/1 
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Subsequently the mixture was placed in a water bath at 
65 °C for 5 minutes , followed by cooling to 30 °C over a 
period of 1 hour. MgCl 2 was added to a final concentra- 
tion of 10 mmol/1. T4 DNA-Ligase (2.5 Units) was added 
5 and the mixture was placed at 37 °C for 3 0 minutes or 

o/n at 16 °C After this the reaction mixture was heated 
for 10 minutes at 70 °C. 

After ethanol precipitation the pellet was dissolved in 
digestion buffer and cut with EcoRX and HindXXX. 

10 

The mixture was separated on a 2% agarose gel and the 
fragment with a length corresponding to the correctly 
assembled cassette was isolated by electro-elution . 

15 The fragments Were ligated in pEMBL9 (digested with 

EcoRX/HlndXXX) as described in example 1, and they were 
checked for correctness by sequence analysis. In 
subsequent cloning steps the various cassettes were put 
together in thf proper order, which resulted in pUR603 8. 

2 0 This is a pEMBLS derivative containing the complete 
synthetic lipase gene. 

To be able to njake the constructions as described in 
example 4, a second version of the synthetic gene was 
25 made, by replacing fragment 5. In this way construct 
PUR6600 was made, having the 3' PstX site at position 
1069 instead of position 1091 (See Fig. 5B) . 



3 0 EXAMPLE 4. INTRODUCTION OF THE (WILD TYPE) SYNTHETIC 
LIPASE GENE IN THE LIPASE NEGATIVE P. GLUMAR Pf^. 

In order to test whether the synthetic lipase gene is 
functional in P * glumae , the gene was introduced in 
35 strain PG3. 

To simplify fermentation procedures, it was decided to 
stably integrate this gene in the PG3 chromosome, rather 
than introducing on a plasmid. 

For this reason the synthetic lipase gene had to be 
40 equipped with the 5' and 3' border sequences of the 
original P. glumae lipase gene. 

This was achieved in the following way (see Fig. 7): 

a. Froar pUR6002 (ex E. coll KA816) a vector with Clal 
and PstX sticky ends was prepared in the same way 

45 as described in example 2. 

b. pDRSfOO (ex E. coll KA816) was digested to 
completion with ClaX and partial with Pstl. After 
separating the fragments by agarose gel electropho- 
resis a fragment of -1050 bp was isolated. 

50 c. The fragment thus obtained, was ligated in the 
PUR6002 derived vector and used to transform E . 
coll SAlofl In this way construct pUR6603 was 
obtained. 

d. pUR6603 was digested to completion with BamHI. 
55 After separating the fragments by agarose gel 

electrophoresis a fragment of -2.2kb was isolated. 
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This fragment contains the synthetic lipase qene 
with the 5' and 3' flanking regions, of the wild 
type P. gladioli lipase gene. 

c t' £? Z1 ° 2 Was also di 9 e sted to completion with SamHI. 
5 f. The 2.2 kb fragment obtained in d. was ligated in 
PRZ102 as described in example 2. 
g. The resulting construct, pUR6131 was transferred to 

E. coli S17-1. 
integration of this construct in the chromosome of PG3 
10 was accomplished in the same way as described for 
PUR6106 in example 2 section B-a. 

From the obtained Km-resistant trans-conjugants, several 
^ H Sre ^ an ?? erre <* to BYPO plates. They all appeared to 

n™™3 ii PaSe Ee Siti y e f> he notype, since clearing zones 
wa2 U ca;Ld r ?S26? he COl ° nieS ' A representative 
Obviously the same route can be followed to integrate 
construct (pUR6131) in a lipase negative P. glumle PG2 
20 (see example 2B-b) strain. _ 

From the examples 2 and 4 it might be clear that the P 
glumae strain PG1 (and derivatives thereof, e.g. PG2 
and PG3 ; or derivatives of PG1 obtained via classical 
^ a ^? S 2^ hav ^-"9 an improved lipase production) can be 
manipulated easily by deleting or introducing (homolo- 
gous or heterologous) DNA fragments in the bacterial 
chromosome. 

By using these techniques it is possible to construct a 
strain optimized for the production of lipase. In this 
respect one could think of: F 

replacing the original lipase promoter, by a 
stronger (inducible) promotor, 

introduction of more than one copy of the lipase 
gene (eventually, encoding different lipase 
mutants) , 

replacing the original promoter, or introduction of 
more copies of genes encoding functions involved in 
the production and excretion of the lipase enzyme 
(eg. chaperon proteins, "helper proteins" involved 
m the export of the lipase enzyme) , 
deletion of the gene encoding extracellular 
protease (A Tn5 mutant of PG1 (PGT89) which does 

45 oeen P depoS?tedK earing "™ " S * im * Ll * * lates has 

manipulating the rhamnolipid production. 



25 



30 



35 



40 



cr> £SH LE 5 * PRODUCTION OF MUTANT LIPASE GENES AND 
50 THEIR TNTR QDUCTTOM TM 

To improve the lipase, it is necessary to have the 
possibility to introduce well-defined changes in the 
amino acid sequence of the protein. 
55 A preferred method to achieve this is via the replace- 
ment of a gene fragment of the synthetic gene encoding 
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wild type lipase or of the wild type P. glumae lipase 
gene, with a corresponding chemically synthesized 
fragment containing the desired mutation. 
In the case of the synthetic wild type lipase gene, a 
5 cassette (or fragment thereof) can be replaced with a 
corresponding cassette (or fragment thereof) containing 
the desired mutation. 

in =SL < ;;f Se i t ^V COmp f ising the cod °n(s) for the amino 
10 acid(s) of interest, was assembled once more (as 

described in Example 3) . This time however, the oligos 
SL^®* 00 ? 3 ?* 2 nd non - cod ing DNA strands, comprising 

S?h ? d o n i S) -°^ int f r f? t ' Were *epla^ by oligomers * 
with the desired mutation. The new oligos were syn- 
15 thesised as described in Example l. 

The thus obtained mutant cassette, or a fragment thereof 
"^introduced at th « corresponding position^ the 
s^thetic wild type iipase gene of constructs like 
PUR6038 or PUR6603. 

20 ^, in ^° dUCe ^ a syn^tic mutant lipase gene in PG2 or 
* ?4 ? route as described in Example 4 has to be 
followed, starting at step d. 

25 LS^S example of the production of a mutant gene is 
25 described below. In this case the His at position 154 of 
the wild type lipase gene has been replaced by a Pro 
TL aCC SoS llSh ^ ±S ' ^° new oligomers were synthesized. 
IfcSa2ged e 2o°cS? ^ ^ 154 ° f the matLe lipase 
These oligomers were used to assemble fragment 3 (H154P> 

pE^?S Cr S: d nK n eXample 3 ' After clonin * Se f ragSenf in 
PEMBL9, the DNA sequences was determined as described in 
example 1. The thus obtained construct was callS 

UKo071« 

fi aS ? ia T P ^ 6071 WaS di ? est ed to completion with Fspl 
and Sail. Upon Separation of the obtained DNA fraoments 

fraaSoi^ 1 ;^^ 0 ^^ 3 .^ 5 Scribed in exaipJe I?? a 
SSSK?* ° f ~* 9 £^ p was is °lated out of agarosS gel 

W?S Sal^ArJS 1 ^^ d±g ; Sted Wlt * F ^ I and Pa^ially 
witn Sail. After gel electrophoresis a vector of -6000 

example 1 *? 5 Was isolated out of the agarose gel in 

vector°ifab-ta?n 'feSSST* ™* the PUR6 °° 2 

injurs £r& f Dsnt (~2200 bp) of PUR6077A was ligated 
pSRlS 7 10 was S obtKSed? d - — Ples 3 - d xn this way 

^ r « d « Cti0n °f • t ? iS cons truct into the chromosome of 
™,Y a - acc ? m PH s ned as described in example 4. A 

lirit^^l Pr0dUCing SlUaae ^--onjugant, 
The modified lipase produced by this strain proved to be 
significantly more stable than the parent lipasein an 
actual detergents system (Fig. 8 ) . P ln an 

In essentially the same way several other mutant linase 
genes have been made.. In some cases this resumed in a 
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altered net charge of the encoded protein fea D157R 

I ^Jt^' I110K R61P ("I)' T109D* (-lfy R8D 

JL i i' Z J °T her cases ammo acids have been introduced 

(- °L?I le ^ ( f?" PGL4 ° ±n Which 152S-154H has been 
5 replaced by AlaLeuSerGlyHisPro = ALSGHP) 

Furthermore potential glycosylation sites have been 

Dl2?? e fnJ e ?- and <° r N238S) and/or introduced (eg. 

D157T and insertion of G between N155 and T156) . 

10 

f^^ 7 ^ 6 * EXPRESS I0N OF THE SYNTHETIC LIPASE GENES IN 
1£sm™% MYCES CEREVISIAE p SING AUTONOMO USLY REPLICATING 

15 L°v illU f^ rate Production of p. glumae lipase by 

35FS m ^ Cr °-°5? anism ?' vectors'suited for exjres- 

J^*r.f^ mae l3 -P ase ln the yeast S. cerevisiae 
using the GAL7 promoter (21) were constructed. The p 

20 usin£%™ Pa ??/ S P f° dUCed ^ the y^st S. cerevisiae' 
^ different expression systems. An expression 

25 

The plasmid pUR2730 (21) was used as the basis for the 
oi P SS e £P^ slon Plasmids. The plasmid P UR2730 consists 
SLS™ promoter, S. cerevisiae invertase signal 
3n "-^alactosidase gene (the a-galactosidase 

30 expression cassette) , 2„m sequences fo? replication in 
S • cerevx Siae , the LEU2d gene for selection^ in s cerav 
in"? co1i P R322 SegUences for replication and selection 

35 IipaSe a genl PUR6038 "** USed aS th * SOUrce for the 
consSc^^encodin^ session plasmids were 



40 1. 
2. 



45 



mature lipase preceded by the invertase signal 
sequence (pUR6801) , y 
mature lipase preceded by a KEX2 cleavage site a 
glycosylation site and the invertase signal 
sequence (pUR6802) . y 

Sn?f= e 5 ^ obtain the above mentioned constructs, the 

^oo^^° ll0W ^f Were (Fig « 9? the used restriction 
recognition sites are marked with an asterisk)- 



50 ad 1 and 2. 
a. 



55 b. 



^ e H?i? Smi S P?* 2730 was digested with Sad and 
Exnaxxx and the vector fragment was isolated? 

?^d?T aS ^ El!* 6 ? 38 Was di 9ested with £coRV and 
ff-mdlll and the fragment with the lipase gene was 
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isolated. 

Synthetic SacI-Eco'RV DNA fragments were synthesized 
and- constructed as described in example 3 , 
consisting of the following sequences: 

the case ofl pUR6801: 

I. 

5 ' CATCACACAAACAAACAAAACAAAATGATGCTTTTGCAAGCCTTCCTTTTCCTT - 

10 3' TCGAGTAGTGTGTTTGTTTGTTTTGTTTTACTACGAAAA 

- TTGG CTGGT5TTG CAG C CAAAATATCTGCCGCGGACACATATGC AGCTACGAGAT 3 ' 
-AACCGACCAAAACGTCGGTTTTATAGACGGCGCCTGTGTATACGTCGATGCTCTA 5 ' 

15 This fragment gives a correct junction of the GAL.7 
promoter and the lipase gene with in between the 
sequence encoding the invertase signal sequence. 

In the case of pUR6802: 

20 

II. 

5 9 CATCACACAAACAAACAAAACAAAATGATGCTTTTGCAAGCCTTCCTTTTCCT - 

3 ' TCGAGTAGTGTGTTTGTTTC 

25 - TTTGGCTGGTTT^CAGCCAAAATATCTGCCTCCGGTACTAACGAAACTTCTGATAA - 

-AAACCGACC^y^CgrCGGTTTTATAGACGGAGGCCATGATTGCTT^ 

- GAGATGAAGCGAAGCTGCTGACACATATGCAGCTACGAGAT 3 ' 

-CTCTCTTCGACTTCGACGACTGTGTATACGTCGATGCTCTA 5 ' 

30 

This fragment gives a correct junction of the GAL7 
promoter and the lipase gene with in between the 
sequences encoding a KEX2 cleavage site, a glycosylation 
site and the invertase signal sequence. 

The SacI-JJindlll vector fragment, one of the Sacl- 
EcoRV synthetic fragments (I) and the fcoRV- 
ffindlll DNA fragment with the lipase gene were 
lighted. For the construction of pUR680l this is 
shown in Pig. 9. (pUR6802 is constructed in the 
sam6 way, using synthetic fragment II) 
The ligation mixture was transformed to E. coll 
From single, colonies, after cultivation, the 
plasmid DNA was isolated and the correct plasmids, 
as judged by restriction enzyme analysis, were 
selected and isolated in large amounts. 
The plasmids pUR68 01 and pUR6802 were transformed 
to S. cerevlslae strain SU10 (21) using the 
spheropla&t procedure (22) using selection on the 
presence of the LEU2d gene product. 
The trans formants were grown overnight in defined 
medium ( 0,68% Yeast Nitrogen Base w/o amino acids, 
2% glucose, histidine and uracil) , diluted 1 : 10 
in induction medium (1% yeast extract, 2% bacto- 
peptone, 5% galactose) and grown for 40 
hours. 
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h. The cells were isolated by centrif ligation and cell 
extracts were prepared (23) . 

i. The cell extracts were analysed by SDS-gel- 
electrophoresis (7) and blotted on nitrocellulose. 

3. The nitrocellulose blots were incubated with lipase 
antibodies and subsequently with 1125 labelled 
protein A followed by fluorography (Fig. 10) . 

^S^™ in J i( Z- 1°' SU1 ° c eHs containing the plasmid 
PDR6801 produce lipase enzyme with the correct molecular 
weight as compared to lipase from P. glumae. m addition 



to the correct protein also not processed and glycosy- 
lated lipase protein can also be seen. The p. Wu fflae 
lipase produced by s. c ere vi S i ae is enzymatically 



20 



5^5P LE ? * PRODUCTION OF P. GUJMAE LIPASE BY S 

CEREVISTAE USTNK MULTT COPY TNTKOPATTON. 



The multi-copy integration vector was derived from the 
plasmid p ARES 6 (24) by replacing the 335 bp yeast RHA 
polymerase I promoter element with the 4.5 BglXl b 

25 S a SSS?? °f- 5 - cerevisi * e rDNA (25). Also the 2#im origin 
25 of replication was removed and the B^lII-JTindHI DNA 
fragment comprising chloroplast DNA from 5. olieorhlza 
was replaced by a polylinker DNA sequence. This resulted 
in plasmid pUR2790 from which a detailed picture is 
snown „n Fig. 11. " 

3 0 The essential sequences for multicopy integration in the 
yeast genome of pUR2790 are: 1. rDNA sequences for 
multicopy integration in the yeast genome, 2. the s 
cerevisiae LEU2d gene (26) ; this is the LEU2 gene with a 
deficient promoter. y Wltn a 

35 

Amongst others, the following multicopy integration 
expression plasmids were constructed, encoding: 

1. mature lipase preceded by the invertase sicmal 
40 sequence (pUR6803) , y 

2. mature lipase preceded by a KEX2 cleavage site 
glycosylation site and the invertase sianal 
sequence (pUR6804) . 



a 



45 



5 obtain the above mentioned constructs, the 
routes followed were (Fig. 12 ; the used restriction 
recognition sites are marked with an asterisk) : 

ad 1 and 2. 



50 a. 



55 b. 



* he Pi asmid PUR2790 was partially digested with 
ffindlll. The linear plasmid was isolated d 
digested to completion with BglXX and the Hindlll- 
B^III vector fragment was isolated by agarose ael- 
electrophoresis and electro-elution. 
The plasmid pUR680l was digested partially with 
Bglll and to completion with flindlll and the 
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BglTl-HindTll DNA fragment with the lipase gene was 
isolated (pUR6804 is constructed in the same way 
using plasmid pUR6802 instead of pUR68 01) . 

c. The B^III-JTindlll vector fragment of pUR2790 and 
5 the B^III-JiTindlll fragment with the lipase gene 

were ligated (Fig. 12), resulting in plasmid 
pUR6803 . 

d. The ligation mixture was transformed to E. coll. 
From single colonies, after cultivation, the 

10 plasmid DNA was isolated and the correct plasmids, 

PUR6803 and pUR6804, as judged by restriction 
enzyme analysis were selected and isolated in large 
ounts. 

e. The plasmids pUR6803 and pUR6804 were transformed 
15 to 5. cerevislae strain YT6-2-1 L (26) = SU50 with 

the spheroplast procedure (22) using selecting for 
the presence of the LEU2d gene product. The host 
strain SU50 is deficient for the essential nutrient 
leucine (LEU2) , which means that strain SU50 is not 
20 capable of producing leucine. Thus it can only grow 

when the growth medium contains sufficient amounts 
of leucine. 

The deficient promoter of the LEU 2 gene present in 
vectors |UR6803 and pUR6804 is essential for 

25 multicopy integration of the plasmid vectors in the 

yeast genome. The multicopy integration occurs at 
the rDNA locus of the yeast genome due to homolo- 
gous recombination of the rDNA sequences of the 
plasmids and the rDNA sequences of the yeast 

30 genome* 

f . The integrants were grown overnight in defined 
medium ( 0,68% Yeast Nitrogen Base w/o amino acids, 
2% glucose, histidine and uracil) , diluted 1 : io 
in induction medium (1% yeast extract, 2% bacto- 

35 peptone, 5% galactose) and grown for 40 hours. 

g. The cells were isolated by centrifugation and cell 
extracts were prepared (23). 

h. The cell extracts were analysed by SDS-gel- 
electrophoresis (7) and blotted to nitrocellulose 

40 filters. 

i. The ^ nitrocellulose blots were incubated with lipase 
antibodies and subsequently with 1125 labelled 
protein A followed by fluorography (Fig. 13) . 

45 As shown in Fig. 13, integrants of SU50 with the plasmid 
PUR6803 produce lipase enzyme with the correct molecular 
weight as compared to lipase from P. glumae. In addition 
to the correct protein, not processed and glycosylated 
lipase protein can also be seen. The P. glumae lipase 

50 produced by s.cerevisiae is enzymatically active. 

In this way yeast strains have been obtained carrying 
multiple integrated copies (up to 100 copies per haploid 
genome) of either the plasmid pUR6803 or pUR6804 
55 (including the lipase expression cassette) for the 

production of active P. glumae lipase. This multicopy 
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conditions? SYStSm ±S Stahl * GVen Under ^on-selective 
5 EXAMPLE 8. PRODUCTION OF GUAR a-GALACTOSIDASE 



^oStS exam Pj e the expression of a heterologous 

inrio^Lton SaC ^ c ?f cerevi^Xae, using multicop? 

*2 ' 1S described - The gene encoding guar i- 
galactosidase was fused to homologous expression 

J£2 n ™ 33 ^ S describe <* by Overbeeke (21) resulting in 
SSr.fST eSS1 ° n V ff tor P UR27 3 0. The «-galactosidaie 
expression cassette of pUR273 0 consists of the s 
c f rev " iae GAL7 promoter, the s. cerevi S i ae invertase 
signal sequence and the «-galactosidase gene enlodino 

SS^'SE^aS!- ■ a ?^ i «W in?egra??on d vector 
usea xs puR2770, whxch is identical to PMIRY2 1 (in\ 

iSL^ galaCt ^ idaSe ex P re ^ion cassette was isolated* and 
iSSfi?^ XI} h f multic °Py integration vector pOR2770 
SSSif^i" PUR2774 « This multicopy integration vector 
contains the «-galactosidase expression victor, V 
cermsiae nbosomal DNA sequences and the s 
cerevisiae deficient LEU2 gene (LEU2d) as a selection 
E2"5' T ^ multic ° Py integration vector was ^ 
transformed to s. cerevisiae and multicopy intecrrants 

SSle a a d n ? d - The ^ ulti <=?Py integrants were miSScally 
SSijo a n * the multicopy integrants expressed and Y 
^fS ? ed the plant protein a-galactosidase. This examole 
clearly demonstrates that it is possible to obtaiS P 
5iJ 1 5S PY in ^ ration in the genome or J. cerevfsiae and 
mul ^ lc °Py integrants can be used for Se ^ 
3^ ™^ S 10n ^° f P r °teins. All DNA manipulations were 
35 carried out as described in Maniatis (7) . 

11 pURf77^? ti0n ° f multic °Py integration vector 
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The multicopy integration vector pUR2770 was Dar H a n v 
digested with HindHI and the linearized vecto? rra™L<- 
was isolated. The linear vector fragment was diaes?S 2o 
completion with BamHI and the resulting 8 S vector 
S2f^; nt WaS f solat ed. The a-galactosidase expression 

WaS isolate d from PUR273 0 by digestiS witt 
JSSS^^Sh** 111 and isola tion of the 1.9 kb Ena 
l52S i J% "T^lactosidase expression cassette was 
refSti™ it h f H ^°lated vector fragment of pUR2770 
Tsee aiSo F?« ?^ Ul ^ C °?^ in t e <?ration vector pUR2774 
to J if!?- V 4) ' T ? e 1:L ^ a tion mixture was transformed 
to E coli. From single colonies, after cultivation ^-h 2 
? Ufl S^ DNA was . is °lated and the 'correct plaiSdJ as 
Dudged by restriction enzyme analysis, were selected an ^ 
isolated in large amounts. The multicopy intSara?ion 
vector PUR2774, linearized with s^z M ll SanSormeS to 
the S. cerevi Siae strain YT6-2-1 L (26) using the 
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spheroplast method (22) by selecting for the presence of 
the LEU2d gene product. 

2. Analysis of the integration pattern of the 
5 multicopy integrants . 

The ribosomal DNA Of S. cerevisiae is present in ± 150 
identical copies of the rDNA unit, comprising the genes 
that specify the 17S, 5.8S and 26S rRNA components of 
the ribospmes of S . cerevisiae These rDNA units are 

10 tandemly repeated in a large gene cluster on chromosome 
XII of S. cerevisiae. The complete sequence of the rDNA 
unit is known, the rDNA unit is 9.0 kB large and 
contains two Bglll sites (28 , 29, 30). When chromosomal 
DNA isolated from S . cerevisiae is digested with Bglll, 

15 the rDNA gene cluster gives rise to two fragments, with 
a length of 4.5 kb. This gene organization is schemati- 
cally represented in Fig. 15A. The 4.5 kb band cor- 
responding to the ribosomal DNA fragments is detectable 
in the restriction pattern on an ethidium-<bromide 

20 stained agarose gel, because of the large number of 
ribosomal DNA units present in a haploid genome. The 
plasmid pUR2774 has a length of 9.8 kb and contains one 
single BglXX restriction enzyme recognition site, if 
plasmid pUR2774 is tandemly integrated in a high copy- 

25 number, digestion of the chromosomal DNA with B^III will 
give rise to a 9.8 kb DNA fragment. With an ethidium- 
bromide stained agarose gel a comparison can be made 
between the intensity of the 4.5 kb DNA band, cor- 
responding to + 150 copies of the ribosomal DNA unit, 

30 and the 9.8 kb DNA band, derived from the integrated 

plasmid. This gene cluster organization is shown in Fig. 
15B. This comparison will give a reasonable estimation 
of the number of integrated pUR2774 plasmids. pUR2774 
was linearized and transformed to the yeast strain YT6- 

35 2-1 L (SU50) which is LEU2". Transf ormants were streaked 
on MM (defined) —medium without leucine for an extra check 
for the LEU2+ phenotype.* To examine whether integration 
of the multi-copy vector pUR2774 actually occurred, 
chromosomal DNA was isolated from independent integrants 

40 SU50A, SU50B, SU50C and SU50D. The total DNA was 

digested with Bgl II and analyzed by gel-electrophoresis. 
An example of such a ethidium-bromide stained gel is 
shown in Fig. 16. As expected, in the restriction 
patterns of integrants SU50B and SU50C, two main bands 

45 can be distinguished at 4.5 and 9.8 kb. The parent 

strain gives to a single band only of 4.5 kb; the rDNA 
unit. So, we can conclude that in addition to the 
multiple riboscpal DNA units, these integrants surpris- 
ingly also contain multiple integrated copies of the 9.8 

50 kb plasmid pUR2774. Different multicopy integrants were 
found to contain different copy-numbers of the plasmid 
PUR2774 varying from 10 to 100. To confirm the presence 
of the cr-galactosidase gene, hybridization with radio- 
labelled probe was performed. The probe for the a- 

55 galactosidase gene was isolated from pUR2731, a pUR2730 
derivative, by digestion with PvuII and iTindlll and 
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isolation of the 1.4 kb fragment containing the a - 
galactosidase gene. To identify the rDNA sequences a 
?- W S?-r? re S a ff d by di 9 est i°n of pUR2770 with Smal 
o n lt n *ll ' f ° 1:L T owed fc y isolation and labelling of the 
2.0 kb fragment. Upon hybrxdisation with the a- 

ra a S 0 K d 5 S L P r? e i s ^ e . Fi 9- 17 > it was found that the 
I'J detected in the ethidium bromide stained 

Si« £f^?~ C K rr r P ° ndS t0 the «-galactosidase gene since 
this single band was present in the autoradiographs 

SM-^T^riSJ* con * ainin g digested total DNA from the 
YT6-2-1 L parent strain no hybridisation signals were 
detected. Since we could detect the 9.8 kb band no 

«S^H e ^ re Z^ rr ^ n f ements and /°r deletions can have 
°£ ™? ln 5 he int egration process. Hybridisation with 
S*£ PJ obe ^ e ^lted in signals corresponding So a 

J;f4.^5 and a D d a 9 * 8 band ' from which ^ follows 
that indeed the 4.5 kb band contains the expected 
ribosomal DNA sequences. As proven with the a- 
on g a if? tosi dase probe the 9.8 kb band results from the 
20 multicopy integration of pUR2774. This 9.8- kb DNA band 
also gxves a positive signal with the rDNA probe 

F?o™ U ?L PUR27 ?f al e° contains ribosomal DNA sequences . 
K ^£ re ? u i ts s hown in Fig. 18, assuming that the 4.5 

25 £. 9 8 S krLSd A oo^ d - r - PreSentS 150 COpie * of the rDNA? 
eoSt^'S S ?nn COI ?taining pUR2774 can be estimated to 

SSFSJL *°S coP i es - Thus ' fa y transformation of the 
SSJthf?? in ^ e g ra tion plasmid pUR2774, it is indeed 
-5° dxrect 50-100 copies per cell of the «- 
30 cJrev!°^e? Se eXpression cassette to the genome of S. 

3. Production of a-galactosidase by multicopy 
integrants . * 2 

35 chi™°?^ ^grants SU50A, SU50B, SU50C and SU50D 

chosen for having high copy numbers of the integrated 

K?di g ^ he ? ° n °* 67% YeaSt Nitrogen Base w/o amino * 
40 Jir? g luc f se overnight, followed by induction of 

2£r22' 7 P f°« 0t f r by a 1810 dilu tion in i% YeasJ 

Bact °7Peptone, 2% galactose (YPGal) . The «- 

galactosidase activity in the supernatants of the 

cultures was determined by means of an enzyme activity 
„ c ? eS w' as des cribed by Overbeeke et al. (21) at 2 1 *S 
45 48 hours after start of the induction^ Tne > remits are 

shown in the following table: its are 
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24 hours Induction 48 hours induction 



Integrant 

5 


OD660 


a -gal 
mg/1 


OD660 


a -gal 
mg/1 


SU50A 2%gal 


9 


58 


8 


82 


10 SU50B 2%gal 


15 


101 


13 


235 


SU50C 2%gal 


6 


45 


4 


101 


SU50D 2%gal 


14 


41 


10 


54 



15 

The results shown in the table clearly demonstrate that 
it is possible to obtain high levels of expression of a 
foreign gene using a multicopy integrant. Moreover, 
SU50B (235 mg/1) gives rise to a higher level of a- 

20 galactosadase production as compared to a expression 
system with extrachromosomal plasmids (see pUR2730 in 
reference 21) - In spite of the fact that all four multi- 
copy integrants had been elected for having a high copy- 
number of integrated a-galactosidase expression 

25 cassettes, their expression levels vary from 54 to 235 
mg/1 . 

4. Genetic stability of the SU50B multicopy integrant. 

30 To test whether integration of multiple copies a- 

galactosidase expression plasmids in the s. cerevisiae 
genome is genetically stable the complete test procedure 
was repeated under non-selective conditions. Integrant 
SU50B was streaked on an YPD-agar plate and a pre- 

35 culture was inoculated and grown overnight in YPD at 30 
C. Subsequently , the pre-culture was diluted 1:10, in 
YPGal. samples were taken, optical density measured at 
660 nm and the er-galactosidase content of the culture- 
broth was determined by the enzyme activity assay. 

40 Surprisingly, the expression level of a-galactosidase 
was stable during the whole experiment. This experiment 
shows that indeed the multiple integrated expression 
plasmids are maintained very stable under non-selective 
conditions for many generations. Another important 

45 finding was that the multi-copy integrants were stable 
for months on non-selective YPD-agar-plates kept at 4 

C. When the pre-culture of the SU50B integrant is 
diluted 1:1000 in YP with 2% galactose, grown at 30 °C 
to an identical OD 660 nm, the a-galactosidase expres- 

50 sion is 250 mg/1. In this experiment the pre-culture of 
the multicopy integrant SU50B is diluted to a larger 
extend in YPGal, and the cells in the induced culture 
have to make more divisions before the same biomass and 
related to this the a-galactosidase production is 

55 achieved as with a 1:10 dilution. Thus, we can conclude 
that the stability of the a-galactosidase production and 
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therefor the genetic stability of the multicopy 
integrants is very good compared to the stability of 
extrachromosomal plasmids under non-selective condi- 
tions . 

We have also found that for multicopy integration and 
genetic stability of the multicopy integrants the length 
of the multicopy integration vector is an important 
parameter. The use of multicopy integration vectors with 
a length of about 12 kb have a tendency to result in a 
lower copy number of integrated vectors in the genome 
and also a decreased genetic stability although still 
very reasonable. The use of relatively small multicopy 
integration vectors (± 3 kb) results in a high copy 
number of integrated vectors but with a decreased 
genetic stability. These results show that the optimal 
length for a multicopy integration vector, result ina in 
«iS£-?°E y number of integrated vectors and good genetic 
stability, is approximately the length of a single 
nbosomal DNA unit; for s. cerevisiae about 9 kb. 

This example clearly demonstrates the feasibility of the 
use of multicopy integration in s. cerevisi.e fol Se 
?£f ™^° n ° f P r ° teins « The high genetic stability of 
S™«^iS 1 ?° P L inte 2 ran J confer a * important advantage as 
compared to the extrachromosomal plasmid-system where 
cells have to be grown under selective pressure. The 
multicopy integrants appeared to be very stable on YPD- 
agar plates as well as during growth in YPD- and YPGal 
™ h?«£ ? 6 medlum for man Y generations. Considering the 
»i?Vi e 2 f e fPf essi °n of the «-galactosidase enzyme 
and the good mitotic stability of the integrated «- 
galactosidase expression cassettes, this integrant- 
system is a realistic option for large-scale production 
or tne a -galactosidase enzyme or any other protein. 
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S^t*™ 9 MULTICOPY INTEGRATION IN SACCHAROMYCES 

CEREVIS TAF. USING OTHEtt DEFICIENT. ^ ELECTTON MAR^R§Z_ 



?JL5 l? nd that f °? multic opy integration in yeast 

there are two prerequisites for the multicopy integra- 
tion vector; the multicopy integration vector should 
contain nbosomal DNA sequences and a selection marker 
with a specific degree of deficiency. In the previoul 
examples multicopy integration is obtained using a 
multicopy integration vector with ribosomal DNA 
sequences and the defective LEU2 gene (LEU2d) as a 

J?n?d? :L H^ ma ? er * *? exam P le th * use of' other (than 

LEU2d) defective selection markers in order to obtain 
multicopy integration in yeast is described. In this 
example multicopy integration vectors are used with 

?Sr£, def icient TRP1 or a deficient URA3 instead of 
tne LEU2d gene. The expression of both these genes was 
55 J urt ?f led by. removal of a significant part of 

55 their 5' flanking regions. Using these multicopy 

integration vectors, multicopy integrants were obtained 
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in which approximately 200 copies of the vector 
integrated. Tills example clearly demonstrates that 
multicopy integration can also be effected by other 
deficient selection markers. All standard DNA manipula- 
tions were carried out as described in Maniatis (7). 

1. Construction and analysis of pMIRY plasmids 

containing a deficient TRP1 gene as selection 
marker. 



In order to test the possibility that multicopy 
integration into the genome can be obtained using 
different types of selection pressure during transforma- 
tion, series of pMIRY2 . l-analogous plasmids (pMIRY2.l is 
15 identical to pDR2770) were constructed, containing 
deficient alleles of two genes commonly used as 
selection: markers: the TRPl and URA3 genes of s 
cerevisiae. The TRPl gene encodes the enzyme 
N -(5'-phosphoribosyl-l)-anthranilate (PRA) isomerase, 
20 which catalyzes the third step in the biosynthesis of 
tryptophan (31) . Transcription of the TRPl gene is 
initiated at multiple sites which are organized into two 
clusters (Fig. 19) , one at about position -200 relative 
to the ATG start codon and the other just upstream of 
this codon (32). Each of the two clusters is preceded bv 
putative TATA elements as well as (dA:dT)-rich regions 
mat could act as promoter elements (3). When the 
upstream region of the TRPl gene is deleted up to the 
f coRI site at position -102 (TA1) , the first cluster of 
transcription start sites is removed and the expression 
level of the gene drops to only 20% to 25% of the value 
of its wild-type counterpart (31) . This particular 
deficient TRPl allele is currently used as selection 
2£« - m several yeast vectors. We hypothesize that 
this degree of deficiency was not high enough and 

S?eniod%^ h I^S leti ° n .i^ thS 5 '- flan *i"S sequence was 
extended to either position -30 (TA2) or -6 (TA3) 

upstream of the ATG codon. The TA2 gene still contains 

An ? a Tf.°£. tite downstream cluster of transcription 

40 initiation sites. In the TA3 deletion mutant both 

clusters as well as all poly dA:dT stretches and 

putative TATA elements are deleted. These two mutant 

S^L-™^ - * e ii aS the ori 9 ina l TAl gene were used in 
construction of the pMIRY6-T series of plasmids 
construction of this series was carried out as follows 
(Fig. 20): first, the 766 bp AccI-PstI (Fig. 19 ) 
fragment, containing the TRPl coding region plus 30 bp 
2-5 -flanking sequence, was cloned between the SmaT and 
PstT sites of ptTC19, resulting in plasmid OUC19-TA2 (the 
AccI site was made blunt by filling in the" 3 '-end using 
T4 polymerase) . Subsequently, the 3.5 kb Sphl fraoment 
from a pUCIS subclone containing the b gl I I -Br DNA 
^«?™ ent: ( ? 7) was inserted into the Sphl site of the 

£5™v; T S^ POl £ linker g±Ving P las ^id PMIRY6-TA2. Plasmids 
PMIRY6-TA1 and PMIRY6-TA3 are derivatives of pMIRY6-TA2 
To obtain pMIRY6-TAl, the 867 bp EcoRI-Bglll TRPl 
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fragment was first cloned between the EcoSLX and the 
BanHI sites of pUC19 f giving plasmid pUCl9-TAl. In the 
n ®?tstep the 1,2 **> Sc **-Ec°*V fragment of pMIRY6-TA2 
which contains a portion of the pUC19 sequence as well 

?% P Sr% r^ 6 SP1 gene (Fig ' 20 > ' was replaced by the 
Sc*I-£coRV fragment from pUC19-TAl restoring the 
length of the 5' flanking sequence of the TRP1 gene to 
102 bp. pMIRY6-TA3 was constructed in a similar way 
First, the 405 bp Alul fragment from the TRP1 gene was 
10 cloned into the SmaX site of pUC19, giving pUC19-TA3 
Subsequently, the 1.2 kb ScaI-£coRV fragment of 
PMIRY6-TA2 was replaced by the 1-2 kb Scal-£ CO RV 
fragment from pUC19-TA3 , to give pMIRY6-TA3. 
Plasmids, pMIRY 6 — TA 1 , pMIRY6-TA2 and pMIRY6-TA3 were 
transformed into yeast after linearization with HpaX 

Zt+t n ™. r ? NA sequence ' in orde r to target integration 
to the rDNA locus. In Fig. 21 a gel electrophoretic 
analysis of total DNA is shown from two independently 
isolated transformants of each type after digestion 
with FcoRV in the case of pMIRY6-TAl and Sad in the 

SS?;;«°^? M ^? Y6 " TA2 and PMIRY6-TA3. in the case of the 
PMIRY6-TA2 (lanes 3 and 4) and pMIRY6-TA3 (lanes 5 and 
6) transformants, the rDNA band and the plasmid bands 
ar \° f * C f mparable density. Thus, the copy number of 
e ^ T ? -J he two P las *ids is as high as the number of 
?SS f¥S nl &T na P loid genome, which is approximately 
150 (33). The copy number of the pMIRY6-TA2 and -TA3 
plasmids is of the same order. In contrast, transforma- 
tion with PMIRY6-TA1 did not result in high-copy-nSSer 

?H?S a f S - AS Sn °^ ±n Fig * 21 dan— 1 and 2), no 
Si'SJ?* 3 corresponding to the linearized pMIRY6-TAl 
plasmid is visible upon Sad digestion of the total DNA 
SS5 pM ? RY -? A * transformed cells. The results described 

early ^ dem ° nstrate that multicopy integration 
into the yeast rDNA locus does not absolutely require 
the presence of the LEU2d gene selection marker in the 
«^?5'H In : t - ad ' deficie nt TRPl alleles can be uEd, 
provided their expression falls below a critical level. 
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' S22? t ^ UC J i ^, and an alysis of a pMIRY plasmid with a 
deficient URA3 gene as selection marker. 

on^J°^^ he a ^ d the TRP1 genes ' the UR A3 ^ne is 

one of the most widely used selection markers in yeast 

45 ^° rS <? 4 )' The URA3 gene encodes orotidine-5?-phoS 
Phate carboxylase (OMP decarboxylase) . The expression of 
Si 13 controlled at the level of transcription by 
EXl n^I^ 6 P roduct . wh ich acts as a positive regulator 
(35) .Deletion analysis suggests that the sequence 
essential for PPRi induction of URA3 is located in a 97 
bp long region located just upstream of the ATG 
translation start codon (36) . In order to obtain a 
promoter of the URA3 gene with the desired degree of 
P^ C i? n ° y n We ? a X e deleted most of this region, using a 
S St L S i te i ocated 16 fa P upstream of the ATG start colon 
To that end a. B*l ji. linker was inserted in the s»al 
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site of pFLl (3 6B) located in the 3' flanking region of 
the URA3 gene at position +880 relative to the ATG 
translational start signal, yielding pFLl- Bgl II. The 
0.9 kb FstX-BglXX fragment, comprising the DRA3 coding 
5 region together with its flanking 3' region abutted by 
the BglXX site and only 16 bp of its 5' flanking region 
abutted by the PstX site, was cloned between the PstI 
and BanHI sites of pUC19, yielding pUC19-U (Fig. 22) 
The 2.8 kb SacX-stuX rDNA fragment containing part of 
10 the BglXX-B rDNA fragment, was isolated from pUC-BR and 
__ _» • — . _ tiie Sxn&T. and 

Sac I sites in pUCi9-UA, 
giving plasmid pMIRY7-UA. Copy number analysis of two 
independently isolated pMIRY7-UA transformants is shown 
in Fig. 23. The plasmid band and the rDNA band have 
15 similar intensities which means that the plasmid is 
integrated in about 200 copies per cell, a result 
similar to that obtained with plasmids pMIRY6-TA2 and 
PMIRY6-TA3. This example clearly demonstrates that 
multicopy integration into the yeast ribosomal DNA locus 
20 is also effected using genes other than LEU2d as 

selection marker. Indeed, it seems likely that any gene 
involved in the biosynthesis of a essential nutrient can 
supportthis process, when employed as selection marker 
in a pMIRY plasmid, provided that it is expressed but 
25 its expression is below a critical level. 

This means that surprisingly we have found that besides 
the ribosomal DNA sequence a deficient, but essential 

fn 11 ^^- 156 gf esent the multicopy integration vector 
m order to obtain multicopy integration, in a s 
"5 evis ^ff strain deficient for that essential gene, of 
this multicopy integration vector and that the obtained 
multicopy integrants can be stable for many 
generations. So the principle of multicopy integration 

SSL ^ SX ^? de,f to S - ce "^***e auxotrophic strains 
thus permitting a choice from a range of host strains 
for the expression of any particular gene. Such a choice 
is an important factor in the optimization of 

r™^ 010 ?** 18 gene expression in yeast. In particular Trp 
auxotrophy is an attractive marker for use in an 

Sf U ?3 r i al ^ Pr ? C f SS S i nCe even P°°rly defined media can 
easily be depleted of tryptophan by heat-sterilization 
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a , 5?52SLil«™. STABILITY OF THE MULTICOPY INTEGRANT SU50 
45 IN CONT INUOUS CULTURES. 

The multicopy integrant is cultivated in a continuous 
culture (chemostat) with a working volume of 800 ml at a 
, n dilution rate of 0.1 h"l (a mean residence time of io 
50 ours) . The integrant SU50B is a transformant of strain 
Saccharomyces cerevisiae CBS 235.90 with the multicopy 
i n ! egr ^ 10n sector PUR2774 (see example 8). The pH was 
controlled at 5.0 using 10% NH 4 OH. Foaming was sup- 
KK Passed using a silicon oil based antifoam (Rhodo?sil 
55 426 R Rhone-Poulenc) The feed composition used was A 
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A steady state was maintained for 120 hours with a 
stable expression of 360 mg/1 cr-galactosidase at a 
biomass dry weight concentration of 11.06 g/1. Similar 
conditions were stable in other experiments for more 
5 than 500 hours. The residual glucose concentration was 
below the detection limit of 0.05 g/1. The residual 
galactose concentration was 4.2 +/- 0.1 g/1. The inlet 
contained 170 mg/1 leucine derived from the yeast 
extract and DHW. This resulted in a steady state leucine 

10 concentration of 2.0 +/- 0.4 mg/1 as determined with a 
amino acid analyzer. After a period of time, 50 mg/1 
leucine was added to the feed A. Surprisingly the 
residual leucine concentration in the culture dropped to 
°* 7 +/- 0-2 mg/1. This was accompanied by a considerable 

15 decrease of a-galactosidase activity within 80 hours to 
144 mg/1 (Fig. 24). In Fig. 25 the determination of the 
copy number during various stages of the experiments is 
shown. Samples were taken, chromosomal DNA isolated, 
digested with Bglll and subsequently southern blotting 

20 was performed using the ribosomal DNA probe as described 
in example 8. SU50B 1 is a positive control grown in a 
shake flask. Clearly can be seen that the copy number of 
integrated vectors, by comparing the smaller hybridizing 
DNA fragment (chromosomal rDNA units: ± 150 copies) 

25 with the larger hybridizing DNA fragment (the integrated 
vector), is about 100. This is the same for SU50B 2, a 
southern blot of a sample taken before the adding of the 
leucine. For SU50B 3, a sample taken after the adding of 
leucine and the drop in cr-galactosidase expression the 

30 copy number has decreased to about 10. This experiment 
shows that the decrease in cr-galactosidase expression is 
accompanied by a decrease in copy number of the a- 
galactosidase gene. The leucine uptake of the culture is 
higher after addition of leucine. 

35 The experiments described above show quite surprisingly 
that the genetic stability of the integrated plasmids is 
due to the fact that the intracellular production of 
leucine is required for growth, in spite of the presence 
of an appreciable amount of extracellular leucine. Due 

40 to the inefficiency of the LEU2d promoter, production of 
sufficient amounts of leucine is only possible when a 
large number of LEU2d genes is present on the chromo- 
some. 

Such a large number of integrated genes can be stably 
45 maintained when the integration site is in, or directly 
linked to the ribosomal DNA locus and under proper 
growth rate conditions and medium composition. 
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Media composition g/1 





Compound 








D 


5 


NH4C1 




/ * O 


-7 

/ . O 


/ . 6 




KH2P04 


m © 


*± • u 




4-0 




MgS04 . 7aq 


0 6 


. VJ 




0.6 




trace metals 


10 


10 








yeast extract 


5 




10 




10 


(Difco)## 












peptone 


0.0 


0.0 


20 






DHW (UF) 


125 


0.0 








glucose 


5.5 


20 




20 




galactose 




10 


20 


10 


15 


histidine *. 


0.05 


0.2 




0.2 




vitamin 


2 


1 




1 




solution 












leucine 








0.05 




(added) 








20 


PH 


5.0 


5.0 


5.0 


5.0 



DHW: de-proteinized hydrolysed whey ex DMV Netherlands. 

UF : ultra filtrated molecular weight cutoff 10 kD. 

## : yeast extract contains 8-9 %w/w leucine. 

25 



EXAMPLE 11 PARAMETERS AFFECTING THE STABILITY OF 
MULTICOPY INTEGRAN T SU50B 

30 Strain SU50B (as described in example 10) was cultivated 
in shake flasks in media C and D. This gives an example 
of two extreme media ranging from a complex, rich medium 
to a minimal medium. Medium C (YPGAL) contains 524 mg/1 
leucine. Surprisingly, the integrant was stable in YPGAL 

35 media for many sub-cultivations (see example 8) .in 
medium D and other minimal media with leucine the 
expression decreased rapidly. The residual concentration 
of leucine (derived from the yeast extract and peptone) 
in the medium C decreased from 524 mg/1 to 393 mg/1. The 

40 leucine concentration in medium D reduced from 50 to 

about 20 mg/1. The growth rate of the strain in minimal 
media is about 0.1 h 1 while the growth rate on medium C 
is 0.27 h~l. Addition of yeast extract increases the 
growth rate up to 0.27 h""l combined with an improved 

45 stability of the er-galactosidase production. 

The complex media not only increase the growth rate, but 
also increase the er-galactosidase concentration in the 
culture. 

50 

These experiments clearly show that the multicopy 
integrant was stable at high growth rates in the 
presence of leucine. Based on this finding an efficient 
fermentation process can be developed meaning a 
55 substantial amount of protein per culture volume per 
hour can be obtained. 
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EXAMPLE 12 EXPRESSION OF THE SYNTHETIC LIPASE GENES 
IN HANSE NULA POLYMORPHA. 

The synthetic lipase genes were integrated in the J7. 
polymorphs genome using the following procedure (Fig, 
26; in each figure of this example the used restriction 
enzyme recognition sites are marked with an asterisk; 
restriction recognition sites between brackets are 
removed due to the cloning procedure) : 



a. Plasmid pUR6038 (Fig. 27) was digested to comple- 
tion with the restriction enzymes EcoUX and £coRV. 
After separation of the fragments by agarose gel 
electrophoresis the vector fragment was isolated as 

15 described in Example 2. 

b. Several different synthetic cassettes were 
assembled as described in Example 3. These 
cassettes encoded a number of amino acids necessary 
for a correct joining of the invertase signal 

20 sequence with different length of the -pre-mature 

lipase gene. This was done to establish the most 
optimal construct with respect to expression, 
processing and export of the lipase enzyme. 
Furthermore, these cassettes had £coRI and EcoRV 

25 ends. 

Typical examples are given in Fig. 26. 

c. The assembled cassettes were ligated in the vector 
prepared under a. 

d. The plasmids thus obtained (pUR6850, 6851 and 6852 
30 Fig. 28) were partially digested with the restric- 
tion enzyme Xhol and the linearized plasmid was 
isolated. 

e. Plasmid pUR3501 (21, Fig. 29) was partially 
digested with Xhol. After agarose gel electropho- 

35 resis a DNA fragment of approximately 1500 bp was 

isolated, containing the H. polymorpha methanol 
oxidase (MOX) promoter followed by the first amino 
acids of the s. cerevlsiae invertase signal 
sequence Xhol DNA fragment from position 0 to 1500 

40 from pUR3501) . 

f. The 1.5 kb fragment from e. was ligated in the 
vector fragments as prepared in d resulting in 
plasmids UR6860, 6861, 6862 Fig. 30. 

45 g. The ligation mixture was transformed to E. coll. 
From single colonies, after cultivation, the 
plasmid DNA was isolated and the correct plasmids, 
as judged by restriction enzyme analysis, were 
selected and isolated in large mounts. 

50 h. The correct plasmids obtained in step g. (eg. 

PUR6860, 6861, 6862 Fig. 30) were digested to 
completion with BamHI, after which the sticky ends 
were filled in with Klenow polymerase (example 2) . 
As the next step the linear plasmids were digested 

55 with £coRI, and the filled in BanHI-£coRI DNA 

fragments compris ing the MOX promoter , invertase 
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signal sequence and synthetic lipase gene with a 
length of approximately 2.5 kb were isolated out of 
agarose gel. 

i. plasmid p0R3511 (the H. polymorph* methanol oxidase 
5 (MOX) terminator cloned in the B amHI , SxncXX 

restriction sites of pEMBL9, Fig. 31) was digested 
with Snal and EcoRX, after which the vector was 
isolated ou£ of an agarose gel. 
j. The pUR3511 vector and the 2.5 kb fragments, 
10 obtained in h. , were ligated and cloned in E . coll. 

In the constructs obtained, the lipase gene is 
followed by the MOX transcription terminator. 
Typical examples of these constructs are pUR6870, 
6871 and 6872 (Fig. 32) . 
15 k. These plasmids were digested with £coRI and 

ffindlll, after which the fragments of approximately 
3 kb. were isolated from an agarose gel. The sticky 
ends were filled in with Klenow polymerase. 
1. Plasmid pUR3513 ; this is plasmid YEpl3 (37) from 
20 which the 2/im sequences have been deleted by 

removal of a Sail fragment (Fig. 33) was digested 
with #vu il . 

m. The linear plasmid pUR3513 and the f ragments 

obtained in k. were ligated to obtain the final 
25 constructs among which pUR6880, 6881 and 6882 (Fig. 

34) • 
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Introduction of the expression cassettes in the H . 
polymorphs, geiome • 



Transformation of plasmid DNA to the Hsnsenula polymor- 
ph* strain A16 u^ing selection for LEU+ phenotype can be 
performed as described by (21, 38, 39). 
Analysis of the integrants can be performed using the 
35 Southern blot procedure (7) . 



EXAMPLE 13 PRODUCTION OF GUAR cr-GALACTOSIDASE IN 
HANS ENUI+A POLYMORPH A USING MULTICOPY INTEGRATION . 



In this example the expression of a heterologous 
protein, a— galactosidase from guar Cy*mopsLs tetrago- 
nolob* ) t using multicopy integration in H*nscnul* 
polymorph* , is described. The gene encoding cr-galac- 

45 tosidase was fused to homologous expression signals as 
is described in Overbeeke (21) resulting in the 
expression vector pUR3510. The a-galactosidase expres- 
sion cassette of pUR3510 consists of the H. polymorpha 
methanol oxidase promoter, the S . cerevls iae invertase 

50 signal sequence, the a-galactosidase gene (encoding 

mature a-galabtosidase) and the H . polymorph* methanol 
oxidase terminator. This expression cassette was 
isolated and inserted in the multicopy integration 
vector |yijR279p resulting in pUR354 0. The multicopy 

55 integration vector pUR3540 was transformed to H. 

polymorphs auiS surprisingly multicopy integrants were 
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obtained. The obtained multicopy integrants expressed 
and secreted the plant protein «-galactosidase. This 
example clearly demonstrates that it is possible to 
obtain multicopy integrants in H. polymorph* and these 
multicopy integrants can be used for the production of 
proteins. Also it appeared that multicopy integrants in 
H. polymorphs were obtained using S. cerevisiae 
nbosomal DNA sequences and a s. cerevisiae deficient 

manipulations were carried out 
using standard techniques as described in Maniatis (7) . 

The plasmid pUR3510 (21) was digested with tfindlll and 
BamHI and the DNA fragment containing the a-galac- 
tosidase expression cassette was isolated. The multicopy 
integration vector pUR2790 is derived from pUR2740 by 
replacing the Bglll-nindXXT 500 bp fragment containing 
S. oligorhiza DNA and a 100 bp S. cerevisiae ribosomal 
DNA by a BglXX-HindXXX polylinker sequence containing 
m ™i£i e clonin( ?. sites. The multicopy integration vector 
PUR2790 was partially digested with HindHI and 
digested to completion with B^III and subsequently the 
vector fragment was isolated. The 2^1 II-ffindIII vector 
fragment and the Jfindlll-BainHI fragment, containing the 
o-galactosidase expression cassette, were ligated 
resulting in the multicopy integration vector pUR3540 
(see also Fig. 35; all used restriction recognition 
sites are marked with an asterisk) . The ligation mixture 
w ff transformed to E. coli . From single colonies, after 
cultivation, the plasmid DNA was isolated and the 
correct plasmids, as judged by restriction enzyme 
analysis, were selected and isolated in large amounts. 

The multicopy integration vector pUR3540 was linearized 
with SmaX and the linearized vector pUR3540 was 

3 5 transformed to H . polymorpha A16 (LEU2~) using the 

procedure described by Roggenkamp et al (39). The LEU2+ 
colonies, being the multicopy integrants, were isolated 
and used for further experiments. The multicopy 
integrant and the parent strain A16 as a control were 

40 grown under non-selective conditions (1% Yeast Extract, 
2% Bacto-peptone, 2% glucose for 40 hours at 37 °C) and 
chromosomal DNA was isolated as described by Janowicz et 
al. (40). The total DNA was digested with flindlll and 

„ c J t ? 1 ? ested chromosomal DNA was analyzed by Southern 

a^^o^ir (7 k An * bo *_ 878 fragment/containSg 
a part of the methanol oxidase promoter [position -1313 
to position -435, Ledeboer (41)], was labelled with 3 2P 
and used as a probe. The result of this hybridization 

so ^ e ?iJI n ^ ls 1 f 1 ? own iR 36 > dane 2 parent strain 

50 and lane l multicopy integrant), in lane 2, the parent 
strain, a DNA fragment of approximately 14 kb can be 
seen to hybridize with the methanol oxidase promoter 
probe, corresponding to a DNA fragment containing the 
entire methanol oxidase gene which is present in a 
55 single copy in the genome. In lane 1, the .multicopy 
integrant, an additional hybridization signal was 
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obtained, corresponding to a DNA fragment of approximate- 
ly 8 kb. This fragment is part of the integrated vector 
pUR3540 being the HindXXX fragment containing amongst 
others the ce-galactosidase expression cassette and the 
5 methanol oxidase promoter. By comparison of the inten- 
sities of the hybridization signals in lane 2 it can be 
estimated that over 20 copies of the multicopy integra- 
tion vector are integrated in the E . polymorph* genome. 
The multicopy integrant was analyzed for cr-galactosidase 

10 expression as described by Overbeeke (21). Upon 

induction witfi methanol cr-galactosidase was detected in 
the medium using the enzyme activity assay. 
This example clearly demonstrates that multicopy 
integration can be achieved in E , polymorph* and thus 

15 the multicopy ^integration system can be used for the 
production of (e.g. heterologous) proteins in E . 
polymorphs. . This example also demonstrates that it is 
possible to obtain multicopy integration of an expres- 
sion vector ih the genome of a yeast (e.g. E . polymor- 

20 pha) using the two prerequisites , ribosomal DNA 

sequences and a deficient selection marker. Such a 
selection marker can be homologous or originating from 
another host (e.g. 5. cerevisiae) as long as the 
expression level of the deficient gene is below a 

25 critical levelV 

EXAMPLE 14. _ MULTICOPY INTEGRAT ION IN KLUYVEROMYCES - 

30 In this example a procedure is described to obtain 

multicopy integration of a plasmid vector in the genome 
Of Kluyveromyces marxianus var. lactis . Multicopy 
integration vectors were constructed containing 
ribosomal DNA sequences originating from S . cerevisiae 

35 and deficient selection markers origination from the 
multicopy integration vectors (pMIRY6-TAl, pMIRY6-TA2 
and pMIRY6-TA3) . The multicopy integration vectors were 
transformed to a TRP~ K . ma.rjzia.nus strain surprisingly 
resulting in trans formants having multiple copies of the 

40 vector integrated in the genome of the Kluyveromyces 
strain. Also this example clearly demonstrates that 
multicopy integration can be obtained in yeasts using 
either homologous or heterologous deficient selection 
markers • 

From the multicopy integration vectors pMIRY6— TA1 , 
PMIRY6-TA2 and pMIRY6-TA3 (see example 9) the S. 
cerevisiae ribosomal DNA was removed by digestion with 
SphI, isolation of the vector fragment followed by 

50 ligation of the vector fragment. In the resulting vector 
a 4400 bp £coRI K. marxianus ribosomal DNA fragment 
(42 , Fig. 37) was cloned in the EcoRX site resulting in 
the multicopy integration vectors pMIRK7 ATI , pMIRK7AT2 
and pMIRK7AT3 (Fig. 38). The multicopy integration 

55 vectors, after linearization with SacX, were 

transformed to the K. marxianus strain MSK 110 (a, URA- 
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A, TRP1::URA3), (43) using the LiAc procedure (44). 
Trans formants were selected for TRP + phenotype. The 
obtained integrants were grown under non-selective 
conditions (0.67% Yeast Nitrogen Base with amino acids, 
5 2% glucose, 30 °C) , for 6-7, 30-35 and 60-70 genera- 
tions. This was performed by growing the integrants to 
OD 550 nm of 2 to 3, dilution in fresh non-selective 
medium to OD 550 nm of 0.1 and followed by growth to OD 
550 nm of 2 to 3. This cycle was repeated several times. 

10 From these integrants total DNA was isolated (45) , 

digested with PstI and separated on a 0.8% agarose gel, 
followed by Southern analysis using the EcoRX-Pstl 
fragment of the K. lactis ribosomal DNA (Fig. 37) as a 
probe. In Fig. 39 the result obtained with the integrant 

15 of pMIRK7ATl are shown. In lane 5 the hybridisation of 
the rDNA probe with the digested chromosomal DNA of the 
host strain is shown, the rDNA probe hybridizes with the 
± 150 repeated copies of the rDNA unit. In lane 1 the 
PMIRK7AT1 integrant is shown. The hybridisation with 

20 rDNA copies, as for the parent strain, can- be seen but 
in addition the repeated integrated copies of the 
multicopy integration vector. As a control the hybri- 
disation result of the linearized multicopy integration 
vector with the rDNA probe (lane 6) is shown. The 

25 relative intensity of the hybridization signal can be 
used to estimate the copy number of integrated vector. 
The hybridisation signal with the rDNA units corresponds 
±150 copies. Comparison of the intensity of hybridisa- 
tion signal of the integrated copies of the vector with 

30 the intensity of the hybridization signal with the rDNA 
units the copy number can estimated to be at least 50. 
This result shows that surprisingly multicopy integra- 
tion can also be obtained in the yeast genus Kluyvero- 
myces . In lane 2, 3 and 4 the integration pattern is 

35 shown after non-selective growth of the multicopy 

integrant, also used in lane 1, for 6-7, 30-35 and 60-70 
generations respectively. It can clearly be seen that 
the relative intensity of the hybridisation signals with 
the integrated vector does not decrease. This surprising 

40 finding proves that the multicopy integration is 

completely stable even after prolonged growth under non- 
selective conditions. Similar results were obtained 
using the multicopy integrants of pMIRK7AT2 and 
PMIRK7AT3 . 

45 This example clearly demonstrates that it is possible to 
obtain multicopy integration in Kluyveromyces using a 
multicopy integration vector with the two prerequisites 
ribosomal DNA sequences and a deficient selection 
marker, in this example even a heterologous selection 

50 marker. The multicopy integrants are stable for at least 
60 generation under non-selective conditions. By 
analogy with the examples 8 and 13, production of a 
protein in Kluyveromyces using multicopy integrants can 
be obtained by insertion of an expression cassette, with 

55 a gene coding for a protein of commercial interest, in 
the multicopy integration vector and transformation of 
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the resulting vector including the expression cassette. 
These multicopy integrants can be used for the produc- 
tion of the protein of commercial interest. Because of 
the unique properties of the multicopy integration 
5 system, high copy number and high genetic stability, 

these multicopy integration transf ormants can be used in 
any known fermentation production process for the 
production of a, commercially interesting, protein. 
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LEGENDS TO FIGURES 

In the figures of the different plasmids the order of 
length is given, 

5 

Figure 1 A schematic drawing of the plasmid 

pUR6002 comprising the P. glumae lipase gene. 

Figure 2 The complete nucleotide sequence of the 

10 P. glum&e lipase gene; for details see text. 

Figure 3 A schematic drawing of the construction 

pUR6103; for details see text. 

15 Figure 4 A schematic drawing of the construction 

of the plasmids pUR6107 and pUR6108; for details see 
text. 

Figure 5 

20 A. The complete nucleotide sequence of the 

synthetic lipase gene in pUR6038. 

B. The nucleotide sequence of the 3 9 

flanking region of the synthetic lipase gene in pUR6600. 

25 Figure 6 An example of the construction of a 

cassette in the synthetic lipase gene. 

Figure 7 A schematic drawing of the construction 

of plasmid pUR6131; for details see text. 

30 

Figure 8 An example of the improved resistance of 

a mutant lipase in a detergent system. 

Figure 9 A schematic drawing of the construction 

35 of the plasmid pUR68 01. Plasmid pUR6801 is a s. 
cBrevlslae/E . coli shuttle vector comprising the 
synthetic lipase gene with yeast expression- and 
secretion sequences. 

40 Figure 10 A western analysis of lipase expression 

in S. cerevlsl&e using pUR6801. The corresponding blot 
was incubated with lipase specific antibodies. 
Standards: 1 pq and 0.25 /*g P. glumae lipase. 

total intra-cellular protein of the 
host strain SU10. 

total intra-cellular protein of SU10 
transformed with pUR6801. 
total extracellular protein of SU10 
transformed with pUR6801. 



45 SU10: 

TF17 cells: 

TF17 supernatant: 

50 



Figure 11 A schematic drawing of the multicopy 

integration vector pUR2790. 
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Figure 12 A schematic drawing of the construction 

of pUR6803. Plasmid pUR6803 is a multicopy integration 
vector comprising the lipase expression cassette. 

Figure 13 A western analysis of lipase expression 

of multicopy integrants. The multicopy integrants were 
obtained by transforming S. cerevlsiae strain SU50 with 
the multicopy integration vector pUR6803 ; 7 independent 
multicopy integrants are shown. The corresponding blot 
was incubated with lipase specific antibodies. 
Standards: 1 pg and 0.25 j*g p. glumae lipase. 

SU50: total intracellular protein of host strain 

SU50. 

1-7: total intra-cellular protein of 7 independent 
multicopy integrants. 

Figure 14 A schematic drawing of the multicopy 

integration vector pUR2774 comprising the a-galacto- 
sidase expression cassette. 

Figure 15 

A * A schematic drawing of the genetic orga- 

nization of the ribosomal DNA locus of s. cerevislaB. 

B. A schematic drawing of the genetic 

organization of a multicopy integration of pUR2774 in 
the ribosomal DNA locus of s. cerevislae (multicopy 
integrant SU50B) . 

Figure 16 Ethidium bromide stained agarose gel of 

undigested and B^III digested total DNA of the multicopy 
xntegrants SU50B and SU50C. 

Figure 17 Southern blot of total DNA of multicopy 

xntegrants using the cr-galactosidase probe. 

SU50 * 25^111: parent strain YT6-2-1 L (SU50) total DNA 

digested with jB^III. 
C * BglXXz total DNA of multicopy integrant SU50C 

digested with BglXX. 
B * BglXXz total DNA of multicopy integrant SU50B 

digested with BglXT. 
C: undigested total DNA of multicopy 

integrant SU50C. 

Figure 18 Southern blot of multicopy integrants 

using the ribosomal DNA probe. 

SU50 * Bgl II: parent strain YT6-2-1 L (SU50) total DNA 

digested with BglXX. 
C * B^lli: total DNA of multicopy integrant SU50C 

digested with BglXX. 
B * BglXXz total DNA of multicopy integrant SU50B 

digested with BglXX. 
C: undigested total DNA of multicopy 

integrant SU50C. 
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Figure 19 Structure of the TRP1 gene from (32) • 

[AT]: poly(dA:dT) stretch, (UAS) , partial general 
control upstream activation site. The actual sequence is 
indicated for the putative TATA elements . The TRP1 
5 coding sequence is indicated by the black bar . The 
various mRNA species are indicated by the arrows . The 
scale is in base pairs • The restriction sites used to 
construct the promoter deletions are indicated. 

10 Figure 20 Construction of plasmids pMIRY6-T±l, 

pMIRY6-T±2 and pMIRY6-T±3 containing TRP1 alleles with 
various promoter deletions • The coordinates indicated 
for several of the restriction sites show their position 
with respect to the ATG start codon (the A being 

15 position +1) . For each plasmid the position (-6, -30 or 
-102) of the 5 '-end of the TRP1 gene is indicated. A 
more detailed map of the rDNA fragment present in the 
various pMIRY6 plasmids is shown at top right. The 
non— transcribed rDNA spacer is abbreviated as "N" . 

20 

Figure 21 Plasmid copy number of pMIRY6-TAl (lanes 

1 and 2) , pMXRY6-TA2 (lanes 3 and 4) and pMIRY6-TA3 
(lanes 5 and 6) transf ormants. Total DNA was isolated 
from the transformed cells and digested with £coRV in 
25 the case of pMIRY6-TAl and Sad in the case of 

pMIRY 6 — TA 2 and pMIRY6-TA3. The fragments were separated 
by electrophoresis on an 0.8% gel. The DNA was stained 
with EtBr. The plasmid and the rDNA bands are indicated. 

30 Figure 22 Construction of pMIRY7-UA containing a 

URA3 gene in which most of the promoter has been 
deleted. The coordinates indicated for several of the 
restriction sites refer to their positions with respect 
to the ATG start codon (the A being position +1). The 

35 position of the 5 ' -end of the URA3± is indicated (A16) . 
A more detailed map of the rDNA fragment present in 
pMIRY7— TJA is §hown at top right. The non-transcribed 
spacer is abbreviated as "N" . 

40 Figure 23 Plasmid copy number of pMIRY7-UA 

transf ormants. Total DNA was isolated from the 
transformed cells and digested with Sac I. The fragments 
were separated by electrophoresis on an 0.8% gel. The 
9.1 kb rDNA band and the 6.4 kb plasmid band are 

45 indicated. 

Figure 24 ~ T Stability of multicopy integrant SU50B in 
continuous culture ; for details see text. 

50 Figure 25 Southern blot of total DNA digested with 

B^lII of multicopy integrant SU50B isolated at different 
stages of the continuous culture. 

SU50B 1: SU50B grown in shake flask. 
55 SU50B 2: SU5GB at the m start of the continuous culture. 
SU50B 3 : SU50B after the" addition of leucine. 
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Figure 26 A schematic drawing of the construction 

route of the lipase expression vectors for H. polymorpha 
PUR6880, pUR688l and pUR6882 . Each individual stage of 
the construction route is shown in a separate drawing 
5 (Fig. 27 to 34); for details see text. 

Figure 27 A schematic drawing of pUR6038. 

Figure 28 A schematic drawing of pUR6852. 

Figure 29. a schematic, drawing of pHR35Ql. 

Figure 30 A schematic drawing of pUR6862. 

15 Figure 31 A schematic drawing of pUR3511. 

Figure 32 A schematic drawing of pUR6872. 

Figure 33 A schematic drawing of PUR3513. 

20 

Figure 34 A schematic drawing of pUR6882. 

Figure 35 A schematic drawing of the H. polymorph* 

multicopy integration vector pUR3540 comprising the a- 
25 galactosidase expression cassette. All used restriction 
recognition enzyme sites are marked with an asterisk. 

Figure 36 Southern analysis of total DNA digested 

W ^r . H indX11 of the B. polymorpha multicopy integrant 
30 obtained using pUR3540. 

lane 1: multicopy integrant. 

lane 2: untransformed host strain. 

35 Figure 37 The cloned ribosomal DNA of k. lactis is 

shown (42). From this vector the indicated BamRl-SacJ. 
fragment was subcloned' in pTZ19U (46) . From the 
resulting vector the EcoRX fragment was used in the 
construction of pMIRK7ATl, pMIRK7AT2 and pMIRK7AT3 . The 
EcoRl-Pstl fragment was used as a probe in the 
hybridization experiments. 

Figure 38 A schematic drawing of the multicopy 

integration vectors pMIRK7ATl, pMIRK7AT2 and pMIRK7AT3 . 

Figure 39 • Hybridization of digested chromosomal DNA 
of multicopy integrant after growth under non-selective 
conditions with ribosomal DNA probe. Lane 1- 4* 
Crt ^l t:L ? 0py inte 9 rant MIRK7AT1; lane 5: parent f^rain MSK 
50 no, lane 6: linearized multicopy integration vector 

PMIRK7AT1. Chromosomal DNA was isolated at the start of 
the experiment (lane 1) , after 6-7 generations (lane 2) 
after 30-35 generations (lane 3) and after 60-70 ' 
generations (lane 4). 
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C L A T M .q 



1. Process for preparing a, homologous or 

heterologous, protein by a eukaryote transformed by 
multxcopy integration of an expression vector into the 
genome of a host eukaryote, said expression vector 
containing both an "expressible gene" as herein before 
defined encoding said homologous or heterologous protein 
and a so-called "deficient selection marker needed for 
the growth of the yeast or mould in a specific medium" 

said expression vector 
contains ribosomal DNA sequences enabling multicopy 

™ e ? ratlon of said ex Pression vector in the ribosomal 
DNA locus of the eukaryote genome. 

j?* , Process according to claim 1, in which said 
deficient selection marker is selected from the group 
consisting of a LEU2& gene, a TRPld gene, and a ujJA3d 
gene. " ' * 

3 *t, u ? rocess acoording to claim 1, in which the 
eukaryote is a fungus. 

4. Process according to claim 3, in which the 

fungus is a yeast, preferably selected from the group 
ZZ* S l * 9 ? ttb * genera Sacoharomyces , KluyvBromyces 
and ffansenula or a mould, preferably selected from the 
group consisting of the genera Aspergillus, Rhizopus and 
x rxcnoa&rma • 

t^n^fo^^^ 00 ? 33 a <r co ? din 9 to claim 1, in which said 
SSSSfSS^ eukaryote is grown in a medium containing an 
ingredient, which is essential for the growth of the 
euJcaryote, at a concentration whereby the uptake of 

^^J^.is.raterlimiting, so that dm novo 
synthesis of said ingredient is required for a growth- 
™ above a certain minimum value which value depends 
on the host organism and the process conditions. 

SC™* Process according to claim 5, in which the 
transformed eukaryote is grown in a so-called "complete" 
or non-selective medium, which contains all the 
ingredients necessary for growth of the eukaryote. 

I', ^ Process according to claim 6, in which the 
complete medium is an industrially applied growth 
T™ 1 ^' P? ef erably^one selected from the group consist- 
ing of molasses, whey, yeast extract and mixtures 
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8. A process according to claim 1 in which the 

transformed eukaryote contains the gene or genes 

fSTS onl r r^r SS i° n ° f said . Protein in a multimeric 
form in one of its chromosomes in, or directly linked 

?oA„; »? CUS C ^ n<3 ?° r a ^ibosomal RNA while at tne same 

S ° mul ti*eric copies of a deficient gene 
encoding a protein required in the biochemical pathway 
for the synthesis of said "essential nutrient" Sre 



present 
9. 



expressibli SSS^f! accordin 9 to claim 8, in which the 
expressible gene encodes an enzyme, preferably a 
hydrolytic enzyme, in particular a lipase, or a 
genetically modified form of such enz?me. 

lipase is L?^2 S ^ aCC °f ding t0 Claim 9 ' in which the 
re^ctl Sth a nf from the group of lipases that cross- 
rtll \ I ant isera raised against a lipase from 
Vlllll^ltlZ viscosum var lipolyticum NRRL B-3673, 

at cross " re acts with antisera raised against 

378? iSaseS ^S^" PL " 679 ' ATCC 31371 °* FElS-? 
llli^l P ?? 3 i cross -reacts with antisera raised 

and modified forms of such cross-reacting lipase? 

11. A process according to claim 9, in which the 

lipase is encoded by a gene having the nucleotide 
sequence given in Figure 2 or any nucleoside sequence 
encoding the same amino acid sequence as speciriel by 

t^s a"m?™°^ se< 3 uence ° r encoding modified forms of 
this ammo acid sequence resulting in a lipase with a 

the'lri^L^e?^ 6 systems^ 

eukarvot^ A « P SSS eSS accordin 9 to claim 1, in which the 
«if , 13 f e ? lcl€nt for the synthesis of an 

whereoy^L^eJt^V 33 before defined a * d 

wneretsy the deficient selection marker can contrihnt,. 

SSrien?"? ati ° n ° f ^ s ^ thes - of the^essentSf ^ t0 

A P rocess according to claim 12, in which the 
t^i i? nCY ° f thS Parent stra i» is achieved Ey r^place- 

£u\? ene codin 9 for an enzyme effective ±n the 
nu?rien£ pathwa r of Producing said esstnlia? 

14. A process according to claim 13 in whinh 

enzyme, for which the parent strain is deficient ~ a S- 
XlJV reac J lon in a part of the biosynthetic patSwav 
formed branched unt il the essentill nutrien? i^ 
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15. A process according to claim 12, in which the 
essentxal nutrient is an amino acid, a nucleotide or a 
vitamin, in particular one of the amino acids leucine 
tryptophan or uracil. ' 

16. a process according to claim 1, in which the 
expression vector contains 

(i) a ds ribosomal DNA or part thereof e.g. a ds DNA 
sequence that codes for a ribosomal RNA, and 

(n) a DNA sequence containing in the 5' — > 3' direction 
xn the following order: 

(ii) (a) a powerful promoter operable in the host 

organism, 

(ii) (b) optionally a signal sequence facilitating the 
secretion of said protein from the host 
eukaryote, 

( Ml KJ a structl "ral gene encoding the protein, 
(xi) (d) an efficient terminator operable in the host 
eukaryote, 

in addition to the sequences normally present in a 
vector. 

4 Z ^ A process according to claim 16, characterized 
xn that the rxbosomal DNA is selected from the group 
consisting of ribosomal DNA's occurring in moulds, in 
Pf^ C V 1 ; r , mOU:LdS °£ ^nera Aspergillus, Rhizapus 

and Tnchoderma, and yeasts, in particular yeasts of the 
genera Sacch&romyces , Kluyveroayces , Hansenula and 
F ichia . 

18 * A process according to claim 16. in which th«=> 

vector has approximately the same length as one 
rxbosomal DNA unit of the host organism. 

19. A process according to claim 16, in which a 

promoter xs selected from the group consisting of 

(x) the Gal7 promoter; the GAPDH promoter, or the PGK 

promoter, if the host belongs to the genus 

Saccharomyces , 

(ii) the inulinase promoter, the PGK promoter or the 
LAC4 promoter, if the host belongs to the genus 
Kluyveromyc es , 

(iii) the^DHAS promoter or MOX promoter, if the host 
belongs to the genus Hanscnula , 

(iv) the^glucoamylase promoter, glucose-oxidase promoter 
or the GAPDH promoter, if the host belongs to a 
mould of the genus Aspergillus, and 

(V) 3?® f ellulase P romot er or the GAPDH promoter, if 
the host belongs to moulds of the genera Rhizopus 
and Tri c ho derma . 

^Ai-o-i« • A proce f s according to claim 19, in which the 
protexn xs an oxxdase and the host cell belongs to the 
genera Sansenula or Pichia or Aspergillus 
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fi* -, A P roces s according to claim 16, in which the 

structural gene encoding the protein encodes the Sight 
genes TtS 2 fn ^uno-globulin or preferably^ 
i™™*™? w P f^ the 1;Lght: or he avy chain of an 

obulm preferably that part coding for what 
normally ls called FAB fragment, or that part thereof 
that codes for the variable regions. thereof 

22. a process according to claim 21, in which the 

23. a process according to claim 16, in which the 
expression vector additionally contains a 'deficient 

de?2tSI ?L a \ enZyme that has been disrup?eI or 

deleted from the chromosome of the host cell. 

• A P rocess according to claim 23, in which the 
deficient gene encodes an enzyme effective in 2S 

S£h y » thetlC ? athwa y of producing an essential nutrient 
such as an ammo acid like leucine, tryptophan or ' 
uracil, a nucleotide or a vitamin. 

tfr^er. ^\ pr f C ff S accord ing to claims 25, charac- 
SuSfSni- ha \ the medimn con tains the essentia? 
nutrient in such a concentration that at least ?n 

Maintain^ £ l^K™ ' C ° PieS ° f the SficXnt'gene are 
2?™ =i n tl ? e chrom °some, said deficient gene enco- 

-^L! n nSrien^ 1Ved ^ bi °^thesis o? tha^ 0 

^• fhaf A P roc fss according to claim 26, characterized 
too % D S? e ?^Vf e ° f the host is between lu and 

growth ra£S or a y s ?^i: n h 8 °. and . 10 ° % ' of the ^^imum 
yxwwtn rate or a similar host not deficient for s »-ir> 

IXns 1 ! 131 nutrient ^e same fermenStioS clndf- 
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Fig. 1. 




3000 
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Fig. 2. 



1 

a 
I 

^ ATGGTCAGATCGATGCGTTCCAGGGTGGCGGCGAGGGCGGTGGCATGGGCGTTGGCGGTG 

TACCAGTCTAGCTACGCAAGGTCCCACCGCCGCTCCCGCCACCGTACCCGCAACCGCCAC ^ 

-39MVRSMRSRVAARAVAWALAV - 

ATGCCGCTGGCCGGCGCGGCCGGGTTGACGATGGCCGCGTCGCCCGCGGCCGTCGCGGCG 
61 + + + + -+ + 120 

TACGGCGACCGGCCGCGCCGGCCCAACTGCTACCGGCGCAGCGGGCGCCGGCAGCGCCGC 

MPLAGAAGLTMAASPAAVAA - 

sig.seq. t x 

GACACCTACGCGGCGACGCGCTATCCGGTGATCCTCGTCCACGGCCTCGCGGGCACCGAC 
121 + + + + + + 180 

CTGTGGATGCGCCGCTGCGCGATAGGCCACTAGGAGCAGGTGCCGGAGCGCCCGTGGCTG 

DTYAATRYPVILVHGLAGTD - 
mature lipase 

AAGTTCGCGAACGTGGTGGACTATTGGTACGGAATCCAGAGCGATCTGCAATCGCATGGC 
181 + + + + + + ,40 

TTCAAGCGCTTGCACCACCTGATAACCATGCCTTAGGTCTCGCTAGACGTTAGCGTACCG 
KFANVVDYWYGIQSDLQSHG - 
GCGAAGGTGTACGTCGCGAATCTCTCGGGATTCCAGAGCGACGACGGGCCGAACGGCCGC 

| K + + ^ 

CGCTTCCACATGCAGCGCTTAGAGAGCCCTAAGGTCTCGCTGCTGCCCGGCTTGCCGGCG 

AKVYVANLSGFQSDDG PNGR - 

P 
v 
u 
I 
I 

GGCGAGCAGCTGCTCGCCTACGTGAAGCAGGTGCTCGCGGCCACCGGCGCGACCAAGGTG 

-r j 1 f *iAn 

CCGCTCGTCGACGAGCGGATGCACTTCGTCCACGAGCGCCGGTGGCCGCGCTGGTTCCAC 

GEQLLAYVKQVLAATGATKV - 

AACCTGATCGGCCACAGCCAGGGCGGCCTGACCTCGCGCTACGTCGCGGCCGTCGCGCCG 
obl i 1 1 j_ ^ 

ttggactagccggtgtcggtcccgccggactggagcgcgatgcagcgccggcagcgcggJ 420 

NLIGKSQGGLTSRYVAAVAP 
421 CAACTGGTGGCCTCGGTGACGACGATCGGCACGC CGCATCGCGGCTCCGAGTTCGCCGAC 



241 



+ + - + + 480 



GTTGACCACCGGAGCCACTGCTGCTAGCCGTGCGGCGTAGCGCCGAGGCTCAAGCGGCTG 
QLVASVTTIGTP .HRGSEFAD 
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i 

TTCGTGCAGGACGTGCTGAAGACCGATCCGACCGGGCTCTCGTCGACGGTGATCGCCGCC 
481 ■+ + + + + __ + 540 

AAGCACGTCCTGCACGACTTCTGGCTAGGCTGGCCCGAGAGCAGCTGCCACTAGCGGCGG 
FVQDVLKTDPTGLSS TVIAA 
^ TTCGTCAACGTGTTCGGCACGCTCGTCAGCAGCTCGCACAACACCGACCAGGACGCGCTC 

DA-± \ 1 j 

AAGCAGTTGCACAAGCCGTGCGAGCAGTCGTCGAGCGTGTTGTGGCTGGTCCTGCGCGAG 
FVNVFGTLVSSSHNTDQDAL - 

GCGGCGCTGCGCACGCTCACCACCGCGCAGACCGCCACCTACAACCGGAACTTCCCGAGC 
o U X | . - + - - -f 

CGCCGCGACGCGTGCGAGTGGTGGCGCGTCTGGCGGTGGATGTTGGCCTTGAAGGGCTCG 

AALRTLTTAQTATYNRNFPS - 

GCGGGCCTGGGCGCGCCCGGTTCGTGCCAGACGGGCGCCGCGACCGAAACCGTCGGCGGC 
obl 1 j 1 j 

CGCCCGGACCCGCGCGGGCCAAGCACGGTCTGCCCGCGGCGCTGGCTTTGGCAGCCGCCG ^ 
AGLG APGS CQTGAATETVGG - 
AGCCAGCACCTGCTCTATTCGTGGGGCGGCACCGCGATCCAGCCCACCTCCACCGTGCTC 

1 j j j 

tcggtcgtggacgagataagcaccccgccgtggcgctIggtcgggtggaggtggcacgag 780 

SQHLLYSWGGTAIQPTSTVL 
781 ^^^t?^ CGCGACCGACACCAGCACCGGCACGCTCGACGTCGCG ^ CGT G^^ 

ccgcactggccgcgctggctgtggtcgtggccgtgcgagctccIgcgcttgcIctggctc 840 

GVTGATDT-STGTLDVANVTD - 
841 CCG 3 CCACGGTCGCGCT ^ 

GGCAGGTGCGAGCGCGACGAGCGGTGGCCGCGCCACTACTAGTTAGCGCGGAGCCCCGTC 

PSTLALLATGAVMINRASGQ - 

P 
s 
t 
I 

AACGACGGGCTCGTCTCGCGCTGCAGCTCGCTGTTCGGGCAGGTGATCAGCACCAGCTAC 

y\j± j j 1 j 

TTGCTGCCCGAGCAGAGCGCGACGTCGAGCGACAAGCCCGTCCACTAGTCGTGGTCGATG 
NDGLVS RCSSLFGQVISTSY 
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P 
V 

u 

I 
I 

CACTGGAACCATCTCGACGAGATCAACCAGCTGCTCGGCGTGCGCGGCGCCAACGCGGAA 
yoi i 1 J + ^ 

gtgaccttggtagagctgctctagttggtcgacgagccgcacg^^ 1020 

HWNHLDEINQLLGVRGANAE - 

P 
s 
t 

1021 ^!^^^^ ggtcatccgcacgcacgtgaac cggctcaagctgcLggcgtgtga 

CTAGGCCAGCGCCACTAGGCGTGCGTGCACTTGGCCGAGTTCGACGTCCCGCACACT ^ 
DPVAVIRTHVNRLKLQGV* - 
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Fig. 5. 

A. DNA sequence of synthetic lipase gene in pUR6038 . 



E 

c C 

0 1 
R a 

1 I 



GAATTCATGGTTAGATCGATGCGTAGCCGTGTTGCAGCTAGAGCGGTCGCATGGGCATTA 
1 + + + + + 

CTTAAGTACCAATCTAGCTACGCATCGGCACAACGTCGATCTCGCCAGCGTACCCGTAAT 

MVRSMRSRVAARAVAWAL - 



P 
s 



GCTGTTATGCCATTAGCTGGAGCAGCAGGATTAACAATGGCTGCGTCTCCTGC. 1 



61 +- 



AGCGGTC 
- + + 120 



CGACAATACGGTAATCGACCTCGTCGTCCTAATTGTTACCGACGCAGAGGACGTCGCCAG 

AVMPLAGAAGLTMAASPAAV - 

E 

c 
o 
R 
V 

GCTGCTGACACATATGCAGCTACGAGATATCCTGTGATCTTGGTTCACGGTTTGGCAGGA 

"I 1 j . 

-t- h- , ( 1 -j oa 

CGACGACTGTGTATACGTCGATGCTCTATAGGACACTAGAACCAAGTGCCAAACCGTCCT 



AADTYAATRYPV 



ILVHGLAG 



181 



ACGGACAAGTTTGCCAATGTCGTTGACTACTGGTATGGTATCCAGTCAGATCTTCAATCT 



-+ +- 



• + -" + + 240 



TGCCTGTTCAAACGGTTACAGCAACTGATGACCATACCATAGGTCAGTCTAGAAGTTAGA 
TDKFANVVDYWYGIQSDLQs 

CACGGAGCTAAGGTTTACGTGGCCAATTTGAGCGGATTCCAGTCTGACGATGGCCCAAAC 

gtgcctcgattccaaatgcaccggttaaactcgcctaaggtcagIctgctIccgggttt^ 300 

H G A K V Y V A N L S G F Q S D D G P N 
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p ~ * 

V 

u 

I 
I 

GGCCGCGGTGAACAGCTGCTTGCGTACGTCAAACAAGTACTTGCAGCTACGGGAGCTACG 
301 i 1 1 1 3^0 

CCGGCGCCACTTGTCGACGAACGCATGCAGTTTGTTCATGAACGTCGATGCCCTCGATGC 

GRGEQLLAYVKQVLAATGAT 

AAGGTCAACTTGATCGGCCACTCTCAAGGTGGCCTTACATCTAGATACGTTGCTGCCGTG 
361 1 1 | j_ / ^ 

TTCCAGTTGAACTAGCCGGTGAGAGTTCCACCGGAATGTAGATCTATGCAACGACGGCAC 

kvnli'ghsqggltsryvaav - 

GCTCCTCAGTTGGTCGCCAGCGTTACTACGATCGGTACGCCTCACAGAGGCTCTGAGTTC 
421 +... + ___ + + + _ + 

CGAGGAGTCAACCAGCGGTCGCAATGATGCTAG'CCATGCGGAGTGTCTCCGAGACTCAAG 

APQLVASVTTIGTP HRGSEF - 

S 
a 
1 
I 

GCTGACTTTGTGCAAGACGTCTTGAAGACTGACCCAACAGGACTTTCGTCGACGGTTATT 
481 + + + + _. + 54Q 

CGACTGAAACACGTTCTGCAGAACTTCTGACTGGGTTGTCCTGAAAGCAGCTGCCAATAA 
ADFVQDVLKTDPTGLSSTVI 

GCGGCTTTCGTTAACGTTTTCGGCACATTGGTTTCTAGCTCTCACAATACGGATCAGGAC 
541 + + + +---- + + 600 

CGCCGAAAGCAATTGCAAAAGCCGTGTAACCAAAGATCGAGAGTGTTATGCCTAGTCCTG 
AAFVNVFGTLVSSSHNTDQD - 
G C C CTTG CTG CATTGCG CACG CTTACAACGGCTCAGACTGCCACGTATAATAGAAACTTT 



601 



- + - 



-+ +- 



CGGGAACGACGTAACGCGTGCGAATGTTGCCGAGTCTGACGGTGCATATTATCTTTGAAA ^ 

ALAALRTLTTAQTATYNRNF 

^ CCAAGCGCTGGCTTGGGAGCTCCTGGTTCTTGTCAGACGGGCGCAGCTACAGAGACGGTT 
o61 H_ (_ , h | 

GGTTCGCGACCGAACCCTCGAGGACCAAGAACAGTCTGCCCGCGTCGATGTCTCTGCCAA 
PSAGLGAPGSCQTGAATETV - 
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p 

V 

u 
I 
I 

GGAGGCTCTCAGCACTTGCTTTACAGCTGGGGAGGTACCGCAATTCAACCAACGTCTACT 

721 + +— + + + ---+ 780 

CCTCCGAGAGTCGTGAACGAAATGTCGACCCCTCCATGGCGTTAAGTTGGTTGCAGATGA 

GGSQHLLYSWGGTAIQPTST 

GTGTTGGGCGTTACGGGAGCTACAGACACAAGCACTGGCACGCTTGATGTCGCGAATGTG 

781 + "-- + + --+ - --- + 840 

CACAACCCGCAATGCCCTCGATGTCTGTGTTCGTGACCGTGCGAACTACAGCGCTTACAC 

VLGVTGATDTSTGTLDVANV - 

ACGGACCCTTCTACGTTGGCTCTTTTGGCTACGGGAGCGGTTATGATCAACCGTGCTTCT 

841 + + + + + 900 

TGCCTGGGAAGATGCAACCGAGAAAACCGATGCCCTCGCCAATACTAGTTGGCACGAAGA 

TDPSTLALLATGAVMINRAS - 

X 
h 
o 
I 

GGACAGAATGACGGCCTTGTCTCGAGATGTAGCTCTTTGTTCGGCCAGGTTATTTCTACG 
901 +—---—+ + + + + 96Q 

CCTGTCTTACTGCCGGAACAGAGCTCTACATCGAGAAACAAGCCGGTCCAATAAAGATGC 



GQNDGLVSRCSSLFGQVI ST - 

TCTTACC ACTGGAAC C ACTTGGATGAAATCAAC C AACTTTTGGGTGTG AGAGG CG C CAAT 

961 + + + + + + 1020 

AGAATGGTGACCTTGGTGAACCTACTTTAGTTGGTTGAAAACCCACACTCTCCGCGGTTA 

SYHWNHLDEINQLLGVRGAN 

GCTGAGGACuurGTTGCCGTCATTCGTACGCACGTCAACAGATTGAAACTTCAGGGAGTT 
1021 1 ; . 

-r i 1 j ^ 1080 

CGACTCCTGGGACAACGGCAGTAAGCATGCGTGCAGTTGTCTAACTTTGAAGTCCCTCAA 
A E D P V A V I R T H V N R L K L 0 G 7 - 
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Fig.5(Cont3). 



H 
i 

B n 
Pa d 
s m- i 

t H i 

I I I 

TAATAGCTGCAGTTACTAGGATCCTCATTACAAGCTT 

1081 + + + 1117 

ATTATCGACGTCAATGATCCTAGGAGTAATGTTCGAA 



B. DNA sequence of 3' -end of synthetic lipase gene in pUR6600. 



P 
s 



io2i ^??t??t?+^?! TGC ^ 

- - - --r- - -H --i 1 nors 

CGACTCCTGGGACAACGGCAGTAAGCATGCGTGCAGTTGTCTAACTTTGACGTCCCTCAA 



AEDPVAVIRTHVNR 



L K L Q G V 



H 
i 
n 
d 
I 
I 
I 

TGAAGCTT 

1081 1088 

ACTTCGAA 

* 
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B 



3A 3C 3E 3G 3K 3N 3R 3T 

31 "=Ji 1 C=3 CZ=Z3 C=Z3 E= 



— — 11 "— ' c=n d=n c=-- n t E= 

3B 3D 3F 3H 3M 3P 3S 3U 



pUR 6028 (264 bp) 
EcoRI 

<- 3A(25) -x. 

AATTCGTAATGATAGTAAGTCGACGGT 



Sail 



Hpal 

3C ( 33 ) 

tattgcggctttcgttaacgttttcggcacat" 



GCATTACTATCATT CAGCTG C CAATAACG CCGAAAG CAATTG C AAAAGC CGTGTA 
3B(33) -x. 3D(33) 

H S aI Fspl 
3E(33) " 

tggtttctagctctcacaatacggatcaggIScccttgctgcIttgcgcacgcttacaa 
accaaagatcgagagtgttatgcctagtcctgcgggaacgacgtaacgcgtgcgaatgtt 

3F(36) -x- 



-X- 



3K(33) 



SacI 



-X- 



cggctcagactgccacgtat^tagaaactttccaagcgcSgcttgggagct?c?ggtt 

GCCGAGTCTGACGGTGCATATTATCTTTGAAAGGTTCGCGACCGAACCCTCGAGGACCAA 



3M(33) 



-x- 



X- 3R(36) ?VUl1 

CTTGTCAGACGGGCGCAGCTACAGAGACGGTTGGAGGCTCTCAGCACTTGCTTTACAGCT 

GAACAGTCTGCCCGCGTCGATGTCTCTGCGAACCTCGGAGAGTCGTGAAGGAAATGTCGA 

X- 3S(36) 

K P nI Hindi I I 

3T(35) .> 

GGGGAGGTACCTTACTATCATTACA 

* «- <-«• J-Gun.il GATAGTAATGTTCG^ 
-x- 3U(2i) _> 
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x Sacl./Hindlll 

isolate vector fragment 



Fig. 9 (Conf). 



ligate 




x EcoRV/Hindlll 
isolate fragment 
(1080 bp) 



synthetic fragment 
with Sad and EcoRV ends. 
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Fig. 11. 
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Fig. 17. 
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* B * Bglll 

• C * Bglll 

• SU 50 * Bglll 



Fig. 18. 

• c 

• B * Bglll 

• C * Bglll 

• SU 50 * Bglll 
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Fig. 22. 
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Fig. 23. 
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rDNA (9.1kb) 
- pMIRY7-UA (6.3kb) 
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Fig. 24 

Stability of SU50B in continuous culture 
medium a D= 0.1 1/h 




fermentation time/ hours 

a gal act mg/l — h- cell d.w. g/l*10 
[leucinelres mg/! -&- i eu uptake mg/gX/h 
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Fig. 25. 
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PUR6038 (fig. 27) 
x EcoRI 
X EcoRV 

isolate vector fragment 

invertase signal sequence 



Fig. 26. 



lipase 



V 



-13 

K I S A A G 

A : EcoRI-XhoI AAGATCTCCGCCGCAGGG EcoRV 

-7 

K I S A A S 

B : EcoRI-XhoI .... AAG AT CTC C G C CG CAT CT EcoRV 

+ 1 

K I S A A D 
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